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Description 

Field of the Invention 

5 [0001] The present invention relates to photopolymerizable biodegradable hydrogels for use as tissue adhesives 
and in controlled drug delivery. 

Background of the Invention 

w Hydrogels as controlled-release carriers 

[0002] Biodegradable hydrogels can be carriers for biologically active materials such as hormones, enzymes, anti- 
biotics, antineoplastic agents, and cell suspensions. Temporary preservation of functional properties of a carried spe- 
cies, as well as controlled release of the species into local tissues or systemic circulation, are possible. Proper choice 
75 of hydrogel macromers can produce membranes with a range of permeability, pore sizes and degradation rates suitable 
for a variety of applications in surgery, medical diagnosis and treatment. 

Adhesives and sealers 

20 [0003] Fibrin gels have been used extensively in Europe as sealants and adhesives in surgery (Thompson et a/. f 
1 988, "Fibrin Glue: A review of its preparation, efficacy, and adverse effects as a topical hemostat," Drug Intel!, and Clin. 
Pharm., 22:946; Gibble etal., 1990, (1990), "Fibrin glue: the perfect operative sealant?" Transfusion, 30(8):741). How- 
ever, they have not been used extensively in the United States due to concerns relating to disease transmission from 
blood products. Synthetic polymers have been explored as adhesives (Lipatova, 1986, "Medical polymer adhesives, " 

25 Advances in Polymer Science 79 : 65-93), but these materials have been associated with local inflammation, cytotox- 
icity, and poor biocompatibility. 

Prevention of postoperative adhesions. 

30 [0004] Formation of post-surgical adhesions involving organs of the peritoneal cavity and the peritoneal wall is a 
frequent and undesirable result of abdominal surgery. Surgical trauma to the tissue caused by handling and drying 
results in release of a serosanguinous (protein aceo us) exudate which tends to collect in the pelvic cavity (Holtz, G., 
1984). If the exudate is not absorbed or lysed within this period it becomes ingrown with fibroblasts, and subsequent 
collagen deposition leads to adhesion formation. 

35 [0005] Numerous approaches to elimination of adhesion formation have been attempted, with limited success in 
most cases. Approaches have included lavage of the peritoneal cavity, administration of pharmacological agents, and 
the application of barriers to mechanically separate tissues. For example, Boyers et a/., (1988) "Reduction of postoper- 
ative pelvic adhesions in the rabbit with Gore-Tex surgical membrane," Fertil. SteriL, 49:1066, examined Gore-Tex sur- 
gical membranes in the prevention of adhesions. For a review of adhesion prevention, see Holtz (1 984) "Prevention and 

40 management of peritoneal adhesions," Fertil. Steril. , 41 :497-507. However, none of these approaches has been cost 
effective and effective in in vivo studies. 

[0006] Solutions of Poloxamer 407 have been used for the treatment of adhesions, with some success. Poloxamer 
is a copolymer of ethylene oxide and propylene oxide and is soluble in water; the solutions are liquids at room temper- 
ature. Steinleitner etal. (1991) "Poloxamer 407 as an Intraperitoneal Barrier Material for the Prevention of Postsurgical 

45 Adhesion Formation and Reformation in Rodent Models for Reproductive Surgery," Obstetrics and Gynecology, 
77(1 ):48 and Leach etal. (1990) "Reduction of postoperative adhesions in the rat uterine horn model with poloxamer 
407, Am. J. Obstet. Gynecol., 162(5):1317, examined Poloxamer solutions in peritoneal adhesion models and 
observed statistically significant reductions in adhesions; however, they were unable to eliminate adhesions, perhaps 
because of limited adhesion and retention on the injury site. 

so [0007] Oxidized regenerated cellulose has been used extensively to prevent adhesions and is an approved clinical 
product, trade-named Interceed TC7. This barrier material has been shown to be somewhat effective in rabbits (Linsky 
et a/., 1987 "Adhesion reduction in a rabbit uterine horn model using TC-7," J. Reprod. Med., 32:17; Diamond et a/., 
1987 "Pathogenesis of adhesions formation/reformation: applications to reproductive surgery," Microsurgery, 8:103) 
and in humans (Interceed (TC7) Adhesion Barrier Study Group , 1 989). It was shown to be more effective if p retreated 

55 with heparin, but was still unable to completely eliminate adhesions (Diamond et a/., 1991 "Synergistic effects of 
INTERCEED(TC7) and heparin in reducing adhesion formation in the rabbit uterine horn model," Fertility and Sterility, 
55(2):389). 

[0008] In summary, several lavage/drug/material approaches have been explored, but none of these approaches 
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has been able to eliminate adhesions. An ideal material barrier would not evoke an adhesion response itself, stay in 
place without suturing (Holtz et at., 1982 "Adhesion induction by suture of varying tissue reactivity and caliber, - Int. J. 
Pert., 27:1 34), degrade over a few weeks' time, effectively reduce adhesions to very low extent and be capable of deliv- 
ering a drug to the local site of application for several days' time. None of the approaches developed and described to 
5 date meet these requirements. 

Synthetic biodegradable polymers 

[0009] The field of biodegradable polymers has developed rapidly since the synthesis and biodegradability of poly- 
w lactic acid was first reported by Kulkarni era/., 1966 "Potylactic acid for surgical implants," Arch. Surg., 93:839. Several 
other polymers are known to biodegrade, including polyanhydrides and polyorthoesters, which take advantage of labile 
backbone linkages, as reported by Domb era/., 1989 Macromolecules, 22:3200; Heller eta/., 1990 Biodegradable Pol- 
ymers as Drug Delivery Systems, Chasin, M. and Langer, R., Eds., Dekker, New York, 121-161. Since it is desirable to 
have polymers that degrade into naturally occurring materials, polyaminoacids have been synthesized, as reported by 
is Miyake et ai., 1974, for in vivo use. This was the basis for using polyesters (Holland et a/., 1986 Controlled Release, 
4:155-180) of ct-hydroxy acids (viz., lactic acid, glycolic acid), which remain the most widely used biodegradable mate- 
rials for applications ranging from closure devices (sutures and staples) to drug delivery systems (U.S. Patent No. 
4,741,337 to Smith et al.; Spilizewski et a/., 1985 "The effect of hydrocortisone loaded poly(dl-lactide) films on the 
inflammatory response," J. Control. Rel. 2:197-203). 
20 [0010] The time required for a polymer to degrade can be tailored by selecting appropriate monomers. Differences 
in crystallinity also alter degradation rates. Due to the relatively hydrophobic nature of these polymers, actual mass loss 
only begins when the oligomeric fragments are small enough to be water soluble. Hence, initial polymer molecular 
weight influences the degradation rate. 

[0011] Degradable polymers containing water-soluble polymer elements have been described. Sawhney et al., 
25 (1 990) "Rapidly degraded terpolymers of dl-lactide, gtycolide, and e-capro lactone with increased hydro phi lie ity by copo- 
lymerization with polyethers," J. Biomed. Mater. Res. 24:1397-141 1, copolymerized lactide, gtycolide and e-caprolac- 
tone with PEG to increase its hydrophilicity and degradation rate. U.S. Patent No. 4,716,203 to Casey et al. (1987) 
synthesized a PGA-PEG-PGA block copolymer, with PEG content ranging from 5-25% by mass. U.S. Patent No. 
4,71 6,203 to Casey et al. (1 987) also reports synthesis of PGA-PEG diblock copolymers, again with PEG ranging from 
30 5-25%. U.S. Patent No. 4,526,938 to Churchill et al. (1985) described noncrosslinked materials with MW in excess of 
5,000, based on similar compositions with PEG: although these materials are not water soluble. Cohn et al. (1988) J. 
Biomed. Mater. Res. 22:993-1009 described PLA-PEG copolymers that swell in water up to 60%; these polymers also 
are not soluble in water, and are not crosslinked. The features that are common to these materials is that they use both 
water-soluble polymers and degradable polymers, and that they are insoluble in water, collectively swelling up to about 
35 60%. 

[0012] Degradable materials of biological origin are well known, for example, crosslinked gelatin. Hyaluronic acid 
has been crosslinked and used as a degradable swelling polymer for biomedical applications (U.S. Patent No. 
4,987,744 to della Valle et al., U.S. Patent 4.957,744 to Delia Valle etal. (1991) "Surface modification of polymeric bio- 
materials for reduced thrombogenicity," Polym. Mater. Sci. Eng., 62:731-735]). 

40 

Use of biodegradable materials for controlled drug release. 

[0013] Most hydrophilic drugs are mechanically dispersed as suspensions within solutions of biodegradable poly- 
mers in organic solvents. Protein and enzyme molecular conformations are frequently different under these circum- 
45 stances than they would be in aqueous media. An enzyme dispersed in such a hydrophobic matrix is usually present in 
an inactive conformation until it is released into the surrounding aqueous environment subsequent to polymer degrada- 
tion. Additionally, some proteins may be irreversibly denatured by contact with organic solvents used in dispersing the 
protein within the polymer. 

so Polymer synthesis, degradation and l ocal synthesis 

[0014] Rapidly-degrading polymers currently suggested for short-term macromolecular drug release may raise 
local concentrations of potentially hazardous acidic degradation byproducts. Further, all biodegradable synthetic poly- 
mers reported thus far can only be processed in organic solvents and all biodegradable polymers are synthesized under 
55 conditions which are not amenable to polymerization in vivo. Thus, it has not been possible to make implantable mate- 
rials as precisely conformed barriers, shaped articles, or membranes capable of delivering bioacttve materials to the 
local tissue. 

[0015] It is therefore an object of the present invention to provide hydrogels which are biocompatible, biodegrada- 
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ble, and can be rapidly formed by polymerization in vivo. 

[0016] It is a further object of the present invention to provide a macromer solution which can be administered dur- 
ing surgery or outpatient procedures and polymerized as a tissue adhesive, tissue encapsulating medium, tissue sup- 
port, or drug delivery medium. 

s [0017] It is a still further object of the present invention to provide a macromer solution which can be polymerized 
in vivo in a very short time frame and in very thin, or ultrathin, layers. 

Summary of the Invention 

10 [0018] Disclosed herein are biocompatible, biodegradable, polymerizabie and at least substantially water soluble 
macromers, having a variety of uses in vivo. According to a first aspect, the present invention provides a biodegradable, 
polymerizabie macromer having a solubility of at least about 1 g/1 00 ml in an aqueous solution comprising at least one 
water soluble region, at least one degradable region which is hydrotyzable under in vivo conditions, and free radical 
polymerizabie end groups having the capacity to form additional covalent bonds resulting in macromer interlinking, 

75 wherein the polymerizabie end groups are separated from each other by at least one degradable region and wherein 
the water soluble region is not a carbohydrate, polysaccharide or protein. The regions can, in some embodiments, be 
both water soluble and biodegradable. The macromers are polymerized by exposure of the polymerizabie regions to 
free radicals generated, for example, by photosensitive chemicals and dyes. 

[0019] An important aspect of the macromers are that the polymerizabie regions are separated by at least one 

20 degradable region to facilitate uniform degradation in vivo. There are several variations of these polymers. For example, 
the polymerizabie regions can be attached directly to degradable extensions or indirectly via water soluble nondegrada- 
ble sections so long as the polymerizabie regions are separated by a degradable section. For example, if the macromer 
contains a simple water soluble region coupled to a degradable region, one polymerizabie region may be attached to 
the water soluble region and the other attached to the degradable extension or region. In another embodiment, the 

25 water soluble region forms the central core of the macromer and has at least two degradable regions attached to the 
core. At least two polymerizabie regions are attached to the degradable regions so that, upon degradation, the polym- 
erizabie regions, particularly in the polymerized gel form, are separated is formed by a degradable region, at least mac- 
romer is formed by a degradable region, at least two water soluble regions can be attached to the core and 
polymerizabie regions attached to each water soluble region. The net result will be the same after gel formation and 

30 exposure to in vivo degradation conditions. In still another embodiment, the macromer has a water soluble backbone 
region and a degradable region affixed to the macromer backbone. At least two polymerizabie regions are attached to 
the degradable regions, so that they are separated upon degradation, resulting in gel product dissolution. In a further 
embodiment, the macromer backbone is formed of a degradable backbone having water soluble regions as branches 
or grafts attached to the degradable backbone. Two or more polymerizabie regions are attached to the water soluble 

35 branches or grafts. In another variation, the backbone may be star shaped, which may include a water soluble region, 
a biodegradable region or a water soluble region which is also biodegradable. In this general embodiment, the star 
region contains either water soluble or biodegradable branches or grafts with polymerizabie regions attached thereto. 
Again, the polymerizabie regions must be separated at some point by a degradable region. 

[0020] Examples of these macromers are PEG-oligoglycolyl-acrylates. The choice of appropriate end caps permits 
40 rapid polymerization and gelation; acrylates were selected because they can be polymerized using several initiating 
systems, e.g., an eosin dye, by brief exposure to ultraviolet or visible light The poly(ethyleneglycol) or PEG central 
structural unit (core) was selected on the basis of its high hydrophilicity and water solubility, accompanied by excellent 
biocompatibility. A short oligo or pofy(a-hydroxy acid), such as polyglycollc acid, was selected as a preferred chain 
extension because it rapidly degrades by hydrolysis of the ester linkage into glycolic acid, a harmless metabolite. 
45 Although highly crystalline polygfycolic acid is insoluble in water and most common organic solvents, the entire mac- 
romer is water-soluble and can be rapidly gelled into a biodegradable network while in contact with aqueous tissue flu- 
ids. Such networks can be used to entrap and homogeneously disperse water-soluble drugs and enzymes and to 
deliver them at a controlled rate. Further, they may be used to entrap particulate suspensions of water-insoluble drugs. 
Other preferred chain extensions are polylactic acid, polycaprolactone, pofyorthoesters, and polyanhydrides. Such "pol- 
50 ymeric" blocks should be understood to include timeric, trimeric, and oligomeric blocks. 

[0021] These materials are particularly useful for controlled drug delivery, especially of hydrophilic materials, since 
the water soluble regions of the polymer enable access of water to the materials entrapped within the polymer. Moreo- 
ver, it is possible to polymerize the macromer containing the material to be entrapped without exposing the material to 
organic solvents. Release may occur by diffusion of the material from the polymer prior to degradation and/or by diffu- 
sa sion of the material from the polymer as it degrades, depending upon the characteristic pore sizes within the polymer, 
which is controlled by the molecular weight between crosslinks and the crosslink density. Deactivation of the entrapped 
material is reduced due to the immobilizing and protective effect of the gel and catastrophic burst effects associated 
with other controlled-re lease systems are avoided. When the entrapped material is an enzyme, the enzyme can be 
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exposed to substrate while the enzyme is entrapped, provided the get proportions are chosen to allow the substrate to 
permeate the gel. Degradation of the polymer facilitates eventual controlled release of free macromolecules in vivo by 
gradual hydrolysis of the terminal ester linkages. 

[0022] An advantage of these macromers are that they can be polymerized rapidly in an aqueous surrounding. Pre- 
5 cisety conforming, semi-permeable, biodegradable films or membranes can thus be formed on tissue in situ to serve as 
biodegradable barriers, as carriers for living cells or other biologically active materials, and as surgical adhesives. In a 
particularly preferred embodiment the macromers are applied to tissue having bound thereto an initiator, and polymer- 
ized to form uttrathin coatings. This is especially useful in forming coatings on the inside of tissue lumens such as blood 
vessels where there is a concern regarding restenosis, and in forming tissue barriers during surgery which thereby pre- 
w vent adhesions from forming. 

[0023] Examples demonstrate the use of these macromers and polymers for the prevention of postoperative surgi- 
cal adhesions in rat cecum and rabbit uterine horn models. The polymer shows excellent biocompatibility, as seen by a 
minimal fibrous overgrowth on implanted samples. Hydrogels for the models were gelled in situ from water-soluble pre- 
cursors by brief exposure to long wavelength ultraviolet (LWUV) light, resulting in formation of an interpenetrating net- 
i5 work of the hydrogel with the protein and glycosaminoglycan components of the tissue. The degradable hydrogel was 
very effective, both by itself and in combination with tPA, in preventing adhesions. 

Brief Description of the Drawings 

20 [0024] 

Figure 1 shows schematically illustrated macromers of the present invention where is a water soluble core 

such as PEG; is a hydrolyzably degradable extension such as a polyglycolide; ===== is a polymerizable 

end cap or side chain such as an acrylate; and is a water-soluble and hydrolyzabte portion such as a hyalur- 

25 onate. 

Figure 1 A shows the degree of photopolymerization (dp) calculated and found by NMR. 

Figure 2A shows Human foreskin fibroblasts cultured for six hours on glass coverslips coated with PEG 1 8.5K-gly- 
colide diacrylate (18.5KG). 

Figure 2B shows Human foreskin fibroblasts cultured for six hours on glass coverslips not coated with PEG. 
30 Figure 3A shows the release of BSA from a PEG 1 K (1 000 molecular weight PEG) glycolide diacrylate with glycol- 

ide extensions (1 KG) hydrogel into PBS. 

Figure 3B shows release of lysozyme from PEG 18.5K-DL-lactide tretraacrylate (18.5KL) into PBS. 
Figure 4A shows release of active recombinant tPA from a PEG 1K lactide diacrylate (1KL) hydrogel. 
Figure 4B shows release of active recombinant t-PA from PEG 4K glycolide diacrylate (4KG) hydrogel. 
35 Figure 4C shows release of active recombinant tPA from a PEG 1 8.5K-glycolide diacrylate (1 8.5KG) hydrogel into 
PBS. 

Figure 5A is a superior view of rabbit uterine horn used as a control. Distorted horn anatomy with 66% adhesions 
is evident The horns are folded upon themselves. 

Figure 5B is a superior view of rabbit uterine horn treated with a photopolymerized biodegradable hydrogel, PEG 
40 18.5KL. Horn anatomy is normal, with no adhesion bands visible. 

Figure 6A is an environmental scanning electron micrograph (ESEM) of an untreated blood vessel following 
trauma 

Figure 6B is an ESEM of a polymer coated blood vessel following trauma. 

45 Description of the Preferred Embodiments 

[0025] Disclosed herein are water soluble, biodegradable polymers formed from macromers containing both water 
soluble regions as well as biodegradable regions and at least two regions which are polymerizable by free radical initi- 
ation, preferably by photopolymerization using visible or long wavelength ultraviolet radiation. 

50 

The macromers. 

[0026] In general terms, the claimed macromers are polymers that are soluble in aqueous solutions, or nearly 
aqueous solutions such as water with added dimethylsulfoxide. They include three components including a biodegrad- 
55 able region, hydrolyzable under in vivo conditions, a water soluble region, and at least two polymerizable regions. 
Examples of these structures are shown in Figure 1. 

[0027] Structure A in Figure 1 shows a macromer having a water soluble region ( ), a water soluble and degra- 
dable component ( ) appended to one another. Each has a polymerizable end cap (====). Structure B shows a 
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major water soluble component or core region ( ) extended at either end by a degradable or hydrotyzable com- 
ponent ( ) and terminated by, at either end, a polymerizable component {====). Structure C shows a central 

degradable or hydrolyzable component ( ) bound to a water soluble component ( ) capped at either end 

by a polymerizable component ( - -=). Structure D shows a central water soluble component ( ) with numer- 

5 ous branches of hydrolyzable components ( ), each hydrolyzable component being capped with a polymeriza- 
ble component ( — )■ Structure E shows a central biodegradable, hydrolyzable component ( ) with three 

water soluble branches ( ), each water soluble branch being capped by a polymerizable component (====). 

Structure F shows a long central water soluble and hydrolyzable component ( ), each end being capped by a polym- 
erizable component (====). Structure G shows a central water soluble and hydrolyzable component ( ) capped 

io at both ends by a hydrolyzable component ( ), each hydrolyzable component being capped by a polymerizable 

component (=====). Structure H shows a central water soluble and degradable or hydrolyzable component ( ) with 

end caps or branches of a polymerizable component (====). Structure I shows a central water soluble component 

( ) in circular form with water soluble branches extended by a hydrolyzable component ( ) capped by a 

polymerizable component (===). Lastly, Structure J in Figure 1 shows a circular water soluble core component 

15 ( ) with degradable branches ( ), each being capped by a polymerizable component ( ). 

[0028] The various structures shown in Figure 1 are exemplary only. Those skilled in the art will understand many 
other possible combinations which could be utilized for the purposes of the present invention. 

[0029] Used herein is the term "at least substantially water soluble." This is indicative that the solubility should be 
at least about 1 g/1 00 ml of aqueous solution or in aqueous solution containing small amounts of organic solvent, such 
20 as dimethylsulfoxide. By the term 'polymerizable 0 is meant that the regions have the capacity to form additional covalent 
bonds resulting in macromer interlinking, for example, carbon-carbon double bonds of acrylate-type molecules. Such 
polymerization is characteristically initiated by free -radical formation, for example, resulting from photon absorption of 
certain dyes and chemical compounds to ultimately produce free-radicals. 

[0030] In a preferred embodiment, a hydrogel begins with a biodegradable, polymerizable, macromer including a 
25 core, an extension on each end of the core, and an end cap on each extension. The core is a hydrophilic polymer or 
oligomer; each extension is a biodegradable polymer or oligomer; and each end cap is an oligomer, dimer or monomer 
capable of cross-linking the macromers. In a particularly preferred embodiment, the core includes hydrophilic polyeth- 
ylene glycol) oligomers of molecular weight between about 400 and 30,000 Da; each extension includes biodegradable 
poly (a-hydroxy acid) oligomers of molecular weight between about 200 and 1200 Da; and each end cap includes an 
30 acrylate-type monomer or oligomer (i.e., containing carbon-carbon double bonds) of molecular weight between about 
50 and 200 Da which are capable of cross-linking and polymerization between copolymers. More specifically, a pre- 
ferred embodiment incorporates a core consisting of poly(ethylene glycol) oligomers of molecular weight between about 
8,000 and 10,000 Da; extensions consisting of poly(lactic acid) oligomers of molecular weight about 250 Da; and end 
caps consisting acrylate moieties of about 1 00 Da molecular weight. 
35 [0031 ] Those skilled in the art will recognize that oligomers of the core, extensions and end caps may have uniform 
compositions or may be combinations of relatively short chains or individual species which confer specifically desired 
properties on the final hydrogel while retaining the specified overall characteristics of each section of the macromer. 
The lengths of oligomers referred to herein may vary from two mens to many, the term being used to distinguish sub- 
sections or components of the macromer from the complete entity. 

40 

Water soluble regions. 

[0032] In preferred embodiments, the core water soluble region can consist of polyethylene glycol), poly{ethylene 
oxide), polyvinyl alcohol), or polyvinylpyrrolidone), poly(ethyloxazoline) poly(ethylene oxide)-co-poly(propyleneoxide) 
45 or block copolymers. 

Biodegradable regions. 

[0033] The biodegradable region is preferably hydrolyzable under in vivo conditions. For example, hydrolyzable 
so group may be polymers and oligomers of glycolide, lactide, e-caprolactone, other hydroxy acids, and other biologically 
degradable polymers that yield materials that are non-toxic or present as normal metabolites in the body. Preferred 
poly(a-hydroxy acid)s are poly(glycolic acid), poly(DL-lactic acid) and poly(L-lactic acid). Other useful materials include 
poly(amino acids), poly(anhydrides), pofy(orthoesters). poly(phosphazines) and poly(phosphoesters). Polylactones 
such as poly(e-caprolactone), poly (e-caprolactone), poly (5-valero lactone) and poly(gamma-butyro lactone), for exam- 
55 pie, are also useful. The biodegradable regions may have a degree of polymerization ranging from one up to values that 
would yield a product that was not substantially water soluble. Thus, monomeric, dimeric, trimeric, oligomeric, and pol- 
ymeric regions may be used. 

[0034] Biodegradable regions can be constructed from polymers or monomers using linkages susceptible to bio- 
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degradation, such as ester, peptide, anhydride, orthoester, phosphazine and phosphoester bonds. 
Polymerizable regions. 

5 [0035] The polymerizable regions are preferably polymerizable by photoinitiation by free radical generation, most 
preferably in the visible or long wavelength ultraviolet radiation. The preferred polymerizable regions are acrylates, dia- 
crylates, oligoacrylates, methacrylates, dim eth acrylates, oligomethoacrytates, or other biologically acceptable photopo- 
lymerizable groups. 

[0036] Other initiation chemistries may be used besides photoinitiation. These include, for example, water and 
w amine initiation schemes with isocyanate or isothiocyanate containing macromers used as the polymerizable regions. 

Photolnttiators and/or Catalysts. 

[0037] Useful photoinitiators are those which can be used to initiate by free radical generation polymerization of the 
is macromers without cytotoxicity and within a short time frame, minutes at most and most preferably seconds. Preferred 
dyes as initiators of choice for LWUV or visible light initiation are ethyl eosin, 2,2-dimethoxy-2-phenyl acetophenone, 
other acetophenone derivatives, and camphorquinone. In all cases, crosslinking and polymerization are initiated among 
macromers by a light-activated free-radical polymerization initiator such as 2,2-dimethoxy-2-phenylacetophenone or a 
combination of ethyl eosin (10" 4 to 10~ 2 M) and triethanol amine (0.001 to 0.1 M), for example. 
20 [0038] The choice of the photoinitiator is largely dependent on the photopolymerizable regions. For example, when 
the macromer includes at least one carbon-carbon double bond, light absorption by the dye causes the dye to assume 
a triplet state, the triplet state subsequently reacting with the amine to form a free radical which initiates polymerization. 
Preferred dyes for use with these materials include eosin dye and initiators such as 2,2-dtmethyl-2-phenylacetophe- 
none, 2-methoxy-2-phenylacetophenone, and camphorquinone. Using such initiators, copolymers may be polymerized 
25 in situ by long wavelength ultraviolet light or by laser light of about 514 nm, for example. 

[0039] Initiation of polymerization is accomplished by irradiation with light at a wavelength of between about 200- 
700 nm, most preferably in the long wavelength ultraviolet range or visible range, 320 nm or higher, most preferably 
about 51 4 nm or 365 nm. 

[0040] There are several photooxtdizable and photo reducible dyes that may be used to initiate polymerization. 
30 These include acridine dyes, for example, acriblarine; thiazine dyes, for example, thionine; xanthine dyes, for example, 
rose bengal; and phenazine dyes, for example, methylene blue. These are used with cocatalysts such as amines, for 
example, triethanolamine; sulphur compounds, for example, RS0 2 R 1 ; heterocycles, for example, imidazole; enolates; 
organ ometal lies; and other compounds, such as N-phenyl glycine. Other initiators include camphorquinones and ace- 
tophenone derivatives. 

35 [0041] Thermal polymerization initiator systems may also be used. Such systems that are unstable at 37°C and 
would initiate free radical polymerization at physiological temperatures include, for example, potassium persulfate, with 
or without tetraamethyl ethylenediamine; benzoylperoxide, with or without triethanolamine; and ammonium persulfate 
with sodium bisulfite. 

Applications for the Macromers . 

Prevention of Surgical Adhesions. 

[0042] A preferred application is a method of reducing formation of adhesions after a surgical procedure in a 
45 patient. The method includes coating damaged tissue surfaces in a patient with an aqueous solution of a light-sensitive 
free-radical polymerization initiator and a macromer solution as described above. The coated tissue surfaces are 
exposed to light sufficient to polymerize the macromer. The light-sensitive free-radical polymerization initiator may be a 
single compound (e.g., 2,2-dimethoxy-2-phenyl acetophenone) or a combination of a dye and a cocatalyst (e.g., ethyl 
eosin and triethanol amine). 

50 

Controlled drug delivery. 

[0043] A second preferred application concerns a method of locally applying a biologically active substance to tis- 
sue surfaces of a patient The method includes the steps of mixing a biologically active substance with an aqueous 
55 solution including a light-sensitive free-radical polymerization initiator and a macromer as described above to form a 
coating mixture. Tissue surfaces are coated with the coating mixture and exposed to light sufficient to polymerize the 
macromer. The biologically active substance can be any of a variety of materials, including proteins, carbohydrates, 
nucleic acids, and inorganic and organic biologically active molecules. Specific examples include enzymes, antibiotics, 
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antineoplastic agents, local anesthetics, hormones, antiangiogenic agents, antibodies, neurotransmitters, psychoactive 
drugs, drugs affecting reproductive organs, and oligonucleotides such as antisense oligonucleotides. 
[0044] In a variation of the method for controlled drug delivery, the macromers are polymerized with the biologically 
active materials to form microspheres or nanopartides containing the biologically active material. The macromer, pho- 
s toinitiator, and agent to be encapsulated are mixed in an aqueous mixture. Particles of the mixture are formed using 
standard techniques, for example, by mixing in oil to form an emulsion, forming droplets in oil using a nozzle, or forming 
droplets in air using a nozzle. The suspension or droplets are irradiated with a light suitable for photopolymerization of 
the macromer. 

w Tissue Adheslves. 

[0045] Another use of the polymers is in a method for adhering tissue surfaces in a patient The macromer is mixed 
with a photoinitiator or photoinitiator/cocatalyst mixture to form an aqueous mixture and the mixture is applied to a tis- 
sue surface to which tissue adhesion is desired. The tissue surface is contacted with the tissue with which adhesion is 
15 desired, forming a tissue junction. The tissue junction is then irradiated until the macromers are polymerized. 

Tissue Coatings. 

[0046] In a particularly preferred application of these macromers, an ultrathin coating is applied to the surface of a 
20 tissue, most preferably the lumen of a tissue such as a blood vessel. One use of such a coating is in the treatment or 
prevention of restenosis, abrupt reclosure, or vasospasm after vascular intervention. The photoinitiator is applied to the 
surface of the tissue, allowed to react, adsorb or bond to tissue, the unbound photoinitiator is removed by dilution or 
rinsing, and the macromer solution is applied and polymerized. As demonstrated below, this method is capable of cre- 
ating uniform polymeric coating of between one and 500 microns in thickness, most preferably about twenty microns, 
25 which does not evoke thrombosis or localized inflammation. 

Tissue Supports. 

[0047] The macromers can also be used to create tissue supports by forming shaped articles within the body to 
30 serve a mechanical function. Such supports include, for example, sealants for bleeding organs, sealants for bone 
defects and space-fillers for vascular aneurisms. Further, such supports include strictures to hold organs, vessels or 
tubes in a particular position for a controlled period of time. 

[0048] The following examples are presented to describe preferred embodiments and utilities of the present inven- 
tion and are not meant to limit the invention unless otherwise stated in the claims appended hereto. Taken together, the 
35 examples illustrate representative demonstrations of the best mode of implementing the invention as currently under- 
stood. 

[0049] Table 1 shows the code names of the various macromers synthesized in or for use in the examples, along 
with their composition in terms of the molecular weight of the central PEG segment and the degree of polymerization 
of the degradable comonomer. 

40 



Table 1 



Macromer Molecular Weight and Composition. 


PEG molecular weight 


Comonomer 


D.P. of conomoner per 
OH group 


Polymer Code 


20,000 


glycolide 


15 


20KG 


18,500 


glycolide 


2.5 


18.5K 


10,000 


glycolide 


7 


10KG 


6,000 


glycolide 


5 


6 KG 


4,000 


glycolide 


5 


4KG 


1,000 


glycolide 


2 


1KG 


20,000 


DL-lactide 


10 


20KL 


18,500 


DL-lactide 


10 


18.5KL 
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Table 1 (continued) 





Macromer Molecular Weight and Composition. 




PEG molecular weight 


Comonomer 


D.P. of co no m oner per 


Polymer Code 


5 






OH group 






10,000 


DL-lactide 


5 


10KL 




6,000 


DL-lactide 


5 


6KL 




1,000 


DL-lactide 


2 


1KL 


10 


600 


DL-lactide 


2 


0.6KL 




600 


DL-lactide + lactide 2; caprolactone(CL) 


CL 1 


0.6KLCL 




18,500 


caprolactone 


2.5 


18.5KCL 


15 


18,500 






18.5KCO 



Example 1: Synthesis of Photopotymerized Biodegradable Hydrogels. 

20 PEG-based hydrogels 

[0050] PEG-based biodegradable hydrogels are formed by the rapid laser or UV photopolymerization of water sol- 
uble macromers. Macromers, in turn, are synthesized by adding glycolic acid oligomers to the end groups of PEG and 
then capping with acrylic end groups. The PEG portions of the macromers confer water solubility properties, and sub- 

25 sequent polymerization results in cell-nonadhesive hydrogels. Glycolic acid oligomers serve as the hydrolyzable frac- 
tion of the polymer network, while acrylic end groups facilitate rapid polymerization and gelation of the macromers. 
[0051] In preparation for synthesis, glycolide (DuPont) or DL-lactide (Aldrich) was freshly recrystallized from ethyl 
acetate. PEG oligomers of various molecular weight (Fluka or Polysciences) were dried under vacuum at 1 10°C prior 
to use. Acryloyl chloride (Aldrich) was used as received. All other chemicals were of reagent grade and used without 

30 further purification. 

Macromer synthesis 

[0052] A 250 ml round bottom flask was flame dried under repeated cycles of vacuum and dry argon. 20 gm of PEG 
35 (molecular weight 1 0,000), 1 50 ml of xylene and 1 0 ugm of stannous octoate were charged into the flask. The flask was 
heated to 60°C under argon to dissolve the PEG and cooled to room temperature. 1 .1 6 gm of glycolide was added to 
the flask and the reaction mixture was refluxed for 1 6 hr. The copolymer was separated on cooling and was recovered 
by filtration. This copolymer was separated on cooling and recovered by filtration. This copolymer (10K PEG-glycolide) 
was used directly for subsequent reactions. Other polymers were similarly synthesized using DL-lactide or e-caprolac- 
40 tone in place of glycolide and using PEG of different molecular weights. 

Synthesis of photosensitive oligomers (macromers) : 

[0053] 19 gm of 1 0K PEG-glycolide copolymer was dissolved in 150 ml methylene chloride and refluxed with 1 ml 
45 acryloyl chloride and 1 .2 ml of triethylamine for 1 2 hr under an argon atmosphere. The solid triethylamine hydrochloride 
was separated by fiftration and the polymer was precipitated by adding the filtrate to a large excess of hexane. The pol- 
ymer (capped by an acrylate at both ends) was further purified by repeated dissolution and precipitation in methylene 
chloride and hexane respectively. 

[0054] Table 2 lists certain macromers synthesized. The degree of polymerization of the glycolide chain extender 
so was kept low so that all polymers have approximately 1 0 ester groups per chain, or about 5 per chain end. When these 
polymers are photopolymerized, a crosslinked three-dimensional network is obtained. However, each chain segment in 
the resulting network needs just one ester bond cleaved at either end to "degrade. - These ester cleavages enable the 
chain to dissolve in the surrounding physiological fluid and thereby be removed from the implant site. The resulting 
hydrolysis products, PEG and glycolic acid, are water soluble and have very low toxicity. 

55 
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TABLE 2 





Macromers Synthesized 


5 


PoK/mpr Code 


Mol Wt of Cen- 

i»iwi. ill* vl Wwl 1 

tral PEG Chain 
(daitons) 


%Gtvcolidp in 
Extremeties 


% f *Ca nro! acton p 
in Extremities 


Wt of Extremities 
(dattons) 


Annparanr*o 
/ajjjj cdJ ell il>c 




0.4K 


400 


100 




580 


Viscous liquid 


10 


1KG 


1000 


100 




300 


Viscous liquid 




4KG 


4000 


100 




232 


White solid 




10KG 


10000 


100 




580 


White solid 


15 


18.5KG 


18500 


100 




1160 


Yellow solid 




COI8.5KGCL 


18500 


50 




580 


White solid 



[0055] Due to the presence of only a few units of glycolic acid per oligomeric chain, the solubility properties of the 
20 photocrosslinkable prepolymers are principally determined by the central PEG chain. Solubility of the macromers in 
water and methylene chloride, both of which are solvents for PEG, is not adversely affected as long as the central PEG 
segment has a molecular weight of 1 ,000 daitons or more. Solubility data for the prepolymers synthesized is given in 
Table 3. 



Table 3 



SOLUBILITY DATA 


Solvent 


1KG 


4 KG 


10KG 


18.5KG 


TMP* 


DMSO 




■ 




■ 


■ 


Acetone 




■ 


■ 


■ 




Methanol 




■ 




■ 




Water 










■ 


Hexane 


■ 


■ 


■ 


■ 


■ 


Methylene Chloride 












Cold Xylene 


■ 


■ 


■ 


■ 




Hot Xylene 












Benzene 


■ 


■ 


■ 


■ 





- Soluble 

■ Not Soluble 

45 ' Trimethylolpropane glycolide triacrylate 



[0056] PEG chains with different degrees of polymerization of DL-factide were synthesized to determine the degree 
of substitution for which water solubility of the macromers can be retained. The results are shown in Table 4. Beyond 
so about 20% substitution of the hydrophific PEG chain with hydrophobic DL-lactoyl or acryiate terminals leads to the mac- 
romers becoming insoluble in water, though they are still soluble in organic solvents such as methylene chloride. 



55 
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Table 4 



Solubility of Macromers 


D.R* of Ethylene Oxide 


D.P.* of tactlde or gly- 
collde 


% extension of PEG 
chain 


Solubility in water 


420 


4 


0.1 


soluble 


420 


10 


2.4 


soluble 


420 


20 


4.8 


soluble 


420 


40 


9.5 


soluble 


420 


80 


19 


insoluble 


23 


2 


8.7 


soluble 


23 


4 


17.4 


soluble 


23 


10 


43.5 


insoluble 


23 


40 


174 


insoluble 


5 


4 


80 


insoluble 


10 


4 


40 


soluble 



* degree of polymerization 

25 

Photopolymerization 

[0057] The macromers can be gelled by photopolymerization using free radical initiators, with the presence of two 

30 acrylic double bonds per chain leading to rapid gelation. A 23% w/w solution of various degradable polymers in HEPES 
buffered saline containing 3 uJ of initiator solution (300 mg/ml of 2,2-dimethoxy-2-phenyl-acetophenone in n-vinyl pyrro- 
lidone) was used. 1 00 u>l of the solution was placed on a glass coverslip and irradiated with a low intensity long wave- 
length UV (LWUV) lamp (Blak-Ray, model 3-1 00A with flood). The times required for gelation to occur were noted and 
are given below. These times are typically in the range of 10 seconds. This is very significant because these reactions 

35 are carried out in air (UV initiated photopolymerizations are slow in air as compared to an inert atmosphere) and using 
a portable, low powered long wave UV (LWUV) emitting source. Oxygen, which often inhibits free radical reactions by 
forming species which inhibit propagation, did not seem to slow down the polymerization. Such fast polymerizations are 
particularly useful in applications requiring in situ gelations. This rapid gelation is believed to be due to the formation of 
micelle-like structures between the relatively hydrophobic polymerizable groups on the macromer, thereby increasing 

40 the local concentration of the polymerizable species in aqueous solution and increasing polymerization rates. 

[0058] Visible laser light is also useful for polymerization. Low intensity and short exposure times make visible laser 
light virtually harmless to living cells since the radiation is not strongly absorbed in the absence of the proper chromo- 
phore. Laser light can also be transported using fiber optics and can be focused to a very small area. Such light can be 
used for rapid polymerization in highly localized regions; gelation times for selected prepolymers are given in Table 5. 

45 In each case, 0.2 ml of a 23% w/v photosensitive oligomer solution is mixed with ethyl eosin (10* 4 M) and triethanol 
amine (0.01 to 0.1 M) and the solution is irradiated with an argon ion laser (American argon ion laser model 905 emitting 
at 514 nm) at a power of 0.2-0.5 W/cm 2 . The beam is expanded to a diameter of 3 mm and the sample is slowty 
scanned until gelation occurs. 
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Table 5 



Gelation Times 


Polymer 


UV polymerization * 
gelation time (mean 
±S.D.) (s) 


Laser Polymerization** 
gelation time (s) 


1KG 


5.3+4.1 


<1 


4KG 


14.7±0.5 


<1 


6 KG 


9.3±0.5 


<1 


10KG 


18+0.8 


<1 


10KL 


7.7±0.5 


<1 


18KG 


23.3±1.2 


<1 


20KG 


13.310.5 


<1 



• Initiator: 2,2-dimethoxy-2-pheny1acetoph9none 1 concentration 
20 900 ppm: 0.2 ml of 23% monomer solution in PBS 

•* Argon ion laser emitting at 514nm. power 3 W/cm 2 : ethytoeosin, 
triethanol amine initiating system: 0.2 ml of 23% monomer solution 
in PBS 



25 Biodegradability 

[0059] Biodegradation of the resulting polymer network is an important criteria in many biomedical applications. 
Degradation of poly(g!ycolic acid and poIy(DL-Jacttc acid) has been well documented in the literature. The degradation 
mainly takes place through the hydrolysis of the ester bond; the reaction is second order and highly pH dependent. The 

30 rate constant at pH 1 0 is 7 times faster than that at pH 7.2. 

[0060] Such facile biodegradation is surprising because poly(a-hydroxyacid esters) are hydrophobic and highly 
insoluble in water. Accessibility of the polymer matrix to the aqueous surrounding is therefore limited. However, because 
the networks are hydrogels which are swollen with water, all the ester linkages in the network are in constant contact 
with water with the aqueous surroundings. This results in a uniform bulk degradation rather than a surface degradation 

35 of these gels. 

[0061] Table 6 gives hydrolysis data for some of these networks; times listed are for complete dissolution of 60 mg 
of gel at pH 7.2 and 9.6. As noted, most of the gels dissolve within 12 hours at pH 9.6. 1 8.5k gel dissolves within 2.5 hr 
at pH 9.6 whereas 18.5KCO gel does not dissolve in 3 days, indicating that the lactoyl, glycoloyl, or e-caprolactoyl ester 
moiety is responsible for degradation of these networks. It also can be seen that the 1 8.5KG gel hydrolyzes more rapidly 
4o than the 4KG gel. This may be due to the reduced hydrophilicity and higher crosslink density of the latter gel. 



Table 6 



Hydrolysis Data 


Oligomer used for 
gelation 


Time taken to dissolve 
gel at pH 9.6 (h) 


Time taken to dissolve 
gel at pH 7.2 (days) 


4KG 


6.2 


5.5 


10KG 


12.25 


5.5 


18.5KG 


2.25 


>7 


18.5KCL 


>5 days 


>7 


18.5KCO 


>5 days 


>7 



12 




EP 0 627 911 B1 

- , a • 

Characterization of macro me rs 

[0062] FTIR spectra of the prepolymers were recorded on a DIGILAB model FTS 15/90. The absorption at 1 1 10 
cm" 1 (characteristic C-0-C absorption of PEG) shows the presence of PEG segments. The strong 1 760 cm" 1 absorption 

5 shows the presence of glyceric ester. The absence of hydroxy! group absorption around 3400 cm* 1 and a weak acrylic 
double bond absorption at 1590 cm" 1 shows the presence of acrylic double bonds at the end groups. 
[0063] 500 MHz proton and 125 MHz carbon-1 3 spectra were recorded on a GE 500 instrument. The presence of 
a very strong peak at 4.9 ppm due to CH 2 methylene from the PEG segment, a peak at 5.09 ppm due to the glycolic 
ester segment and an acrylic proton singlet at 5.8 ppm can be easily seen from proton NMR. The estimated molecular 

w weight of PEG segment and glycolic acid segment for different copolymers is shown in Table 2. The carbonyl peak at 
1 69.39 ppm from glycolic acid and 36.5 ppm peak from methylene carbons from PEG in carbon- 13 NMR are consistent 
with the reported chemical composition of these copolymers. 

[0064] Differential scanning calorimetry (Perkin Elmer DSC-7) was used to characterize the oligomers for thermal 
transitions. The oligomers were heated from - 40°C to 200°C at a rate of 20°C/min, presumably causing polymerization. 

is The polymer was then cooled to -40°C at a rate of 60°C/min and again heated to 200°C at a rate of 20°C/min. The first 
scans of biodegradable 18.5K PEG glycolide tetraacrylate (1 8.5KG) oligomer were compared to that of the non-degra- 
dable 18.5K PEG tetraacrylate (18.5KCO) scan. It was seen that a glass transition appears in the 18.5KG at -2°C while 
no such transition exists in the 18.5KCO. A smaJI melting peak at 140°C was also evident due to the few glycolic acid 
mers which can crystallize to a limited extent. The melting peak for PEG is shifted downwards in 1 8.5KG to 57°C from 

20 60.7°C for 1 8.5KCO. This is probably due to disturbance of the PEO crystalline structure due to the presence of the gly- 
colic acid linkages. In the third cycle, by which time the oligomers have presumably polymerized, the Tg and Tm tran- 
sitions for the glycolide segments can no longer be seen, indicating that a crosslinked network has formed and the 
glycolic acid segments are no longer capable of mobility. 

[0065] The degree of polymerization (DP.) of the degradable segments added to the central water soluble PEG 
25 chain was determined in several cases using *H NMR. The experimentally determined D.R was seen to be in good 
agreement with the calculated number, as shown by Figure 1A. Thus, the ring opening reaction initiated by the PEG 
hydroxyls proceeds to completion, giving quantitative yields. 

Determination of Tot al Water , Free Water Bound Water 

30 

[0066] Solutions of various degradable macromers were made as described above. Gels in the shape of discs were 
made using a mold. 400 jil of solution was used for each disc. The solutions were irradiated for 2 minutes to ensure 
thorough gelation. The disc shaped gels were removed and dried under vacuum at 60°C for 2 days. The discs were 
weighed (W1) and then extracted repeatedly with chloroform for 1 day. The discs were dried again and weighed (W2). 

35 The gel fraction was calculated as W2/W1 . This data appears in Table 7. 

[0067] Subsequent to extraction, the discs were allowed to equilibrate with PBS for 6 hours and weighed (W3 after 
excess water had been carefully swabbed away). The total water content was calculated as (W3-W2) X 1 00/W3. Differ- 
ential scanning calorimetry (DSC) was used to determine the amount of free water that was available in the gels. A scan 
rate of 20°C/min was used and the heat capacity for the endotherm for water melting was measured (H1). The heat 

40 capacity of HBS was also measured (H2). The fraction of free water was calculated as H1/H2. The residual water was 
assumed to be bound due to hydrogen bonding with the PEO segments. The presence of free water in the gels was 
indicated. This free water can be expected to help proteins and enzymes entrapped in such gels in maintaining their 
native conformation and reducing deactivation. Thus these gels would appear to be suited for controlled release of bio- 
logical micro molecules. The data for gel water content is summarized in Table 7 

45 



Table 7 



55 



Hydrogel Water content 


Polymer Code 


% Free Water 


% Bound Water 


% Total Water 


% Gel Content 


1KG 


68.4 


14 


82.3±2.6 


61.3±5.2 


4KG 


78.0 


9.3 


87.3±1.8 


56.3±0.9 


6 KG 


74.8 


13.4 


88.1 ±3.3 


66.5+2.35 


10KG 


83.7 


10.8 


94.5±0.5 


54.3±0.6 


10KL 


82.0 


9.7 


91.7±0.5 


63.913.7 
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Table 7 (continued) 




Hydrogel Water content 


Polymer Code 


% Free Water 


% Bound Water 


% Total Water 


% Gel Content 


18.5KG 
20KG 


71.8 
79.8 


22.3 
14.8 


94.0±0.4 
94.5±0.4 


47.014.9 
44.5+4.8 



Example 2: Use of multifunctional macromers. 

10 

[0068] 30 g of a tetrafunctional water soluble PEG (MW 1 8,500) (PEG 1 8.5k) was dried by dissolving the polymer 
in benzene and distilling off the water benzene azeotrope. In a glove bag, 20 g of PEG 18.5 k, 1 .881 g of glycolide and 
15 mg of stannous octoate were charged into a 100 ml round bottom flask. The flask was capped with a vacuum stop- 
cock, placed into a silicone oil bath and connected to a vacuum line. The temperature of the bath was raised to 200°C. 

15 The reaction was carried out for 4 hours at 200°C and 2 hours at 160°C. The reaction mixture was cooled, dissolved in 
dichloromethane and the copolymer was precipitated by pouring into an excess of dry ethyl ether. It was redissolved in 
200 ml of dichloromethane in a 500 ml round bottom flask cooled to 0°C. To this flask, 0.854 g of triethylamine and 0.514 
ml of acryloyl chloride were added under nitrogen atmosphere and the reaction mixture was stirred for 1 2 h. at 0°C. The 
triethyl amine hydrochloride was separated by filtration and the copolymer was recovered from filtrate by precipitating 

20 in diethyl ether. The polymer was dried at 50°C under vacuum for 1 day. 

Example 3: Synthesis of a photosensitive macromer containing DL-lactlde. 

[0069] PEG (MW) 20,000) (PEG 20k) was dried by dissolving in benzene and distilling off the water benzene aze- 
25 otrope. In a glove bag, 32.43 g of PEG 20k, 2.335 g of DL-lactide and 1 5 mg of stannous octoate were charged into a 
1 00 ml round bottom flask. The flask was capped with a vacuum stopcock, placed into a silicone oil bath and connected 
to a vacuum line. The temperature of the bath was raised to 200°C. The reaction was earned out for 4 hours at 200°C. 
The reaction mixture was cooled, dissolved in dichloromethane and the copolymer was precipitated by pouring into an 
excess of dry ethyl ether. It was redissolved in 200 ml of dichloromethane in a 500 ml round bottom flask cooled to 0°C. 
30 To this flask, 0.854 g of triethylamine and 0.514 ml of acryloyl chloride were added under nitrogen atmosphere and the 
reaction mixture was stirred for 12 hours at 0°C. The triethyl amine hydrochloride was separated by filtration and the 
copolymer was recovered from filtrate by precipitating in diethyl ether. The polymer was dried at 50°C under vacuum for 
1 day. 

35 Example 4: Synthesis of a Photosensitive Precursor Containing DL-Lactide and e-Capro lactone. 

[0070] PEG (MW 600) (PEG 0.6k) was dried by dissolving in benzene and distilling off the water benzene azeo- 
trope. In a glove bag, 0.973 g of PEG 0.6k, 0.467 g of DL-lactide along with 0.185 g of e-caprolactone and 15 mg of 
stannous octoate were charged into a 50 ml round bottom flask. The fiask was capped with a vacuum stopcock, placed 

40 into a silicone oil bath and connected to a vacuum line. The temperature of the bath was raised to 200°C. The reaction 
was carried out for 4 hours at 200°C and 2 hours at 1 60°C. The reaction mixture was cooled, dissolved in dichlorometh- 
ane and the copolymer was precipitated by pouring into an excess of dry ethyl ether. It was redissolved in 50 ml of 
dichloromethane in a 250 ml round bottom flask cooled to 0°C. to this flask, 0.854 g of triethylamine and 0.514 mi of 
acryloyl chloride were added under nitrogen atmosphere and the reaction mixture was stirred for 12 hours at 0°C. The 

45 triethyl amine hydrochloride was separated by filtration and the copolymer was recovered from filtrate by precipitating 
in diethyl ether. The polymer was dried at 50°C under vacuum for 1 day and was a liquid at room temperature. 

Example 5: Selection of dyes for use In photopolymerlzatlon. 

so [0071 ] It is possible to initiate photopolymerizatlon with a wide variety of dyes as initiators and a number of electron 
donors as effective cocatalysts. Table 8 illustrates photopoiymerization initiated by several other dyes which have 
chromophores absorbing at widely different wavelengths. All gelations were carried out using a 23% w/w solution of 
1 8.5KG in HEPES buffered saline. These initiating systems compare favorably with conventional thermal initiating sys- 
tems, as can also be seen from Table 8. Other photoinitiators that may be particularly useful are 2-methoxy-2-phenyl 

55 acetophenone and camphorquinone. 
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Table 8: Polymerisation Initiation of 18.SKO PEG 

INITIATOR LIGHT TEMPERATURE GEL 

5 SOURCE* °C TIME 

(SEC) 

Eosin Y, 0.00015M; SI with UV 25 10 

Trietnanol amine 0 . 65M filter 

W EOSin Y, 0.00015M; S4 25 0.1 

Trietnanolamine 0.65M 

Methylene Blue, 0.0002419; S3 25 120 

p- toluenesulf inic acid, 
J5 0.004 8M 

2,2-dimethoxy-2-phenyl S2 25 8 

acetophenone 900 ppm 

Potassium parsulface • 75 180 

20 0.0168M 

Potassium Persulfate - 25 120 

0.0168M; tetramethyl 
ethylene -diamine 0.039M 

Tetramethyl ethylene- SI with UV 25 3 00 

diamine 0.039M; filter 
Riboflavin 0.00047M 

♦LIST OF LIGHT SOURCES USED 

CODE SOURCE 



25 



30 



35 



51 Mercury lamp, LEITZ WETSLER Type 307-148.002, 
100W 

52 Black Ray longwave UV lamp, model B-100A 
W/ FLOOD 

53 MELLES GRIOT He-Ne laser, lOmW output, 1-632 
40 run 

54 American laser corporation, argon ion laser, 
model 909BP- 15-01001; X-488 and 514 nm 

45 

Numerous other dyes can be used for photopolymerization. These dyes include but are not limited to: Erythrosin, 
phloxine, rose bengal, thioneine, camphorquinone, ethyl eosin, eosin, methylene blue, and riboflavin. The several pos- 
sible cocatalysts that can be used include but are not limited to: N-methyl diethanolamine, N,N-dimethyl benzylamine, 
triethanol amine, triethylamine, dibenzyl amine, N-benzyl ethanolamine, N-isopropyl benzylamine, and N-vinyl pyrrolid- 
50 inone. 

Example 6: Thermosensltlve Biodegradable Gels from N-lsopropy I Acrylamlde. 

Synthesis of low molecular weight polyisopropyl acrylamide. 

[0072] N-isopropyl acrylamide (NIPAAm) was recrystallized from 65:35 hexane benzene mixture. Azobisisobuty- 
ronitrile (AlBN) was recrystallized from methanol. 1 .5 g of NIPAAm was polymerized using 3 mg of AIBN and 150 mg 
of mercaptoethanol in 1:1 acetone water mixture (24 hours at 65°C). The viscous liquid after polymerization was puri- 
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tied by dissolving in acetone and precipitating in diethyl ether Yield 80%. 

[0073] This hydroxy terminated low molecular weight poly(NIPAAm) was used in chain extension reactions using 
glycolide and subsequent endcapping reaction using acrytoyl chloride as described in other examples. 
[0074] 1 g of modified poly(NIPAAm) based oligomer and 0.2 g 1 KL were dissolved in water at 0°C and polymerized 
s at 0°C using 2-2-dimethoxy-2-phenylacetophenone (900 PPM). 

Example 7: In Vitro Degradation 

[0075] The gels were extracted as described in Example 1 to remove the unpolymerized macromer fraction fraction 
w and the gels were then placed in 50 mM HEPES buffered saline (0.9% NaCI), pH 74 at 37°C. Duplicate samples were 
periodically removed, washed with fresh HBS and dried at 100°C for 1 day and weighed to determine mass loss in the 
gel. The compositions of the various gels used were the same as described in the previous examples. Table 9 shows 
the extent of degradation of these gels given as percent of mass lost overtime. The respective times are given in paren- 
thesis along with the mass loss data 

75 



Table 9 





Gel Degradation 


20 


1KG 


20.1% (1 d), 20.36±0.6 (2d), 21.7± (6d), 28.8±16.6 (10 d) estimated total Degradation time 45 days. 




4KG 


38.9 (1d), 60.3±4.2 (2d), 78.9 (3d), 99.3±4.7 (6d). Total degradation time 5.5 days. 




6 KG 


18.3+6.8 (1d), 27.4±1.0 (2d), 32.8±1 1 .3 (3d), 104.8±3.2 (5d). total degradation time 4.5 days 10KG 
0.6±0.6 (8 hr), 100 (1d). Total degradation time 1 day. 


25 


10KL 


10.0+4.84 (2d), 6.8+1.7 (3d), 4.5±3.1 (6d), 8.0±0.2 (1 Od). Total degradation time estimated to be 20 days. 




20KG 


68.1±4.2 (8hr), 99.7±0.3 (1d). Total degradation time 15 hr. 



Example 8: Fibroblast adhesion and spreading. 

30 

[0076] The in vitro response of Human foreskin fibroblast (HFF) cells to photopolymerized gels was evaluated 
through cell culture on polymer networks. 0.2 ml of monomer solution was UV polymerized on an 18 x 18 mm glass cov- 
erslips under sterile conditions. HFF cells were seeded on these gels at a cell density of 1 .8 x 10 4 cells/sq cm of cover- 
slip area in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal calf serum. The gels were 
35 incubated for 6 hr at 37°C in a 5% C0 2 environment, at the end of which they were washed twice with phosphate buff- 
ered saline (PBS). The adherent cells were fixed using a 2% glutaraldehyde solution in PBS. The gels were examined 
under a phase contrast microscope at a magnification of 200X, and the number of adherent and spread cells evaluated 
by examining five fields selected at predetermined locations on the coverslips. 

[0077] The number of adherent cells is reported in Table 1 0 along with those for glass control surfaces. Cell adhe- 
40 sion is seen to be dramatically lowered on gel-coated glass. 



Cell Adhesion 



Surface 


Attached Cells/cm 2 


glass 
18.5KG 
18.5KCL 
18.5KCO 


1322013730 
250±240 
1170+1020 
3901150 



[0078] Typical photographs of these cells on the 1 8.5KCL gel surfaces and on control glass surfaces are shown in 
Figures 2A and 2B. It can be easily seen from Table 10 that these gels are highly resistant to cellular growth. Even the 
55 1 8.5KCL is stilt less than 10% of the glass. Celts attached to the glass surface show a flattened and well-spread mor- 
phology whereas the few ceils that are attached to the gel are rounded and loosely attached. This may result from the 
fact that hydrated PEG chains have a high motility and have been shown to be effective in minimizing protein adsorp- 
tion. One of the mechanisms by which cell adhesion is mediated is through the interaction of cell surface receptors with 
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adsorbed cell adhesion proteins. Thus the reduction in overall protein adsorption results in minimal ceil adhesion pro- 
tein adsorption and reduced cell adhesion. 

Example 9: Release of Protein (Bovine Serum Albumin) from Polymers. 

5 

[0079] 1 KG was used for this study- This macromer was liquid at room temperature and was used as such. 1 mg of 
bovine serum albumin (BSA) was added per ml of monomer solution along with 0.9 mg/ml of 2,2-dimethoxy-2-phenyl- 
acetophenone as initiator. The protein was dissolved in the monomer solution and disc shaped gets were made by 
exposing 0.2 g of macromer mixture to LWUV for 1 min. Two such discs were placed in a flask containing 20 ml of PBS 
w and incubated at 37°C. Two aliquots of 20 \x\ each were removed from these flasks periodically and the amount of BSA 
released was assayed using the Bio-Rad total protein assay. The release profile for BSA is shown in Figure 3A. It can 
be seen that the release of BSA is relatively steady over more than a month. 

Example 10: Enzyme Release Assay 

15 

[0080] Water solubility of the macromers means gelation can be carried out in a non-toxic environment This makes 
these materials suitable for intraoperative uses where in situ gelation is needed. Since the precursors are water soluble, 
the gels can be used as drug delivery vehicles for water soluble drugs, especially macromolecular drugs such as 
enzymes, which would otherwise be denatured and lose their activity. Release of lysosome and tPA from the polymers 
20 was used to illustrate the feasibility of using biodegradable hydrogets for controlled release of biomolecules. 

Lysozyme release 

[0081] The enzyme lysozyme (MW: 14,400) is a convenient model for release of a low molecular weight protein 
25 from a biodegradable gel. The Biorad total protein assay was used to quantify the enzyme released. The enzyme was 

dissolved in PBS at a concentration of 20 mg/ml. The monomer PEG-dl-lactic acid-diacrylate was dissolved in PBS to 

produce a 40% solution. The lysozyme solution was added to the monomer solution to attain a 24% monomer solution. 

The monomer/lysozyme solution was polymerized under UV in a cylindrical mold, using 30 jil of the initiator 2,2-dimeth- 

oxy-2-phenyl-acetophenone in 1 -vinyl-2-pyrrolidone (30 mg/ml) as the initiator. The polymer was cut into 1 0 equal sized 
30 pieces and immersed in 10 ml PBS. Samples of the PBS were withdrawn at intervals and assayed for lysozyme 

released into the PBS. Lysozyme was released from the PEG-DL-lactic acid-diacrylate gel over an 8 day interval, with 

the maximum rate of release occurring within the first 2 days, as shown by Figure 3B. 

Release of recombinant t-PA 

35 

[0082] Three macromers were used for these studies: 1KL, 4KG, and 18.5KG. The 1KL macromer was liquid at 
room temperature and was used as such. The second macromer, 4KG, was used as a 75% w/w solution in PBS. The 
third composition was a mixture of equal parts of 1KL and a 50% w/w solution of 18.5KG. 3.37 mg of tissue plasmino- 
gen activator (single chain, recombinant, M.W. 71 ,000) was added per gram of macromer solution along with 0.9 mg/ml 

40 of 2,2 dimethoxy 2 phenyl acetophenone as initiator. The protein was dissolved with the macromer and disc shaped 
gels were made by exposing 0.2 g of macromer mixture to LWUV for 1 minute. Two such discs were rinsed with PBS, 
placed in a flask containing 5 ml of PBS and incubated at 37°C. Two aliquots of 1 00 uJ each were removed from these 
flasks periodically and the amount of active t-PA released was assayed using a chromogenic substrate assay (Kabi-vit- 
rum). The release profiles from the 1K lactide gels, 4K glycolide gels, and the 50/50 1 K glycolide/1 8.5K glycolide are 

45 shown in Figures 4A - 4C. Fully active tPA can be released for periods up to at least two months. 

[0083] By selecting an appropriate formulation, the release rate can be tailored for a particular application. It is also 
possible to combine formulations with different molecular weights so as to synergistically achieve appropriate attributes 
in release and mechanical characteristics. 

[0084] For prevention of postoperative adhesions, in addition to the barrier effect of the gels, the gels can be loaded 
so with a fibrinolytic agent to lyse incipient filmy adhesions which escape the barrier effect. This further enhances the effi- 
cacy of biodegradable gels in adhesion prevention. 

Example 11: Toxicity of Polymers and Commercial Adhesive*. 

55 [0085] To evaluate the toxicity of in situ polymerization of the macromer solutions described herein, as compared 
to commercial adhesives, 100 u.l of 18.5KCO prepolymer solution was placed on the right lobe of a rat liver and gelled 
by exposing it to LWUV for 15 sec; similarly, a few drops of a n-butyl cyanoacrylate based glue were placed on the left 
lobe. The liver was excised after a week, fixed in 10% neutral buffered formalin, blocked in paraffin, sectioned and 
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stained using hematoxylin and eosin. 

[0086] No adverse tissue reaction was evident on the surface of the lobe exposed to the biodegradable get. No 
inflammatory reaction to the polymerization process can be seen. The epithelium looks normal, with no foreign body 
reaction. 

5 [0067] In comparison, the lobe exposed to cyanoacrylate glue shows extensive tissue necrosis and scarring with 
10-30 cell deep necrotic tissue. Fibrosis is evident in the necrotic portions close to underlying normal tissue. 

Example 12: Prevention of Post-Surgical Adhesions with Photo polymerized Biodegradable Polymer. 

io [0088] A viscous sterile 23% solution in phosphate buffered saline (8.0 g/l NaCI, 0.201 g/l KCI, 0.61 1 g/l Na 2 HP0 4 , 
0.191 g/l KH 2 P0 4 , pH 7,4) of polyethylene glycol (M.W. 18,500) which has been chain extended on both ends with a 
short polygtycolide repeat unit (average number of gtycolidyl residues: 10 on each end) and which has been subse- 
quently terminated with an acrylate group was prepared. Initiator needed for the crosslinking reaction, 2,2-dimethoxy- 
2-phenyl acetophenone, was added to the macromer solution to achieve an initiator concentration of 900 ppm. A 30 

is second exposure to a long wave UV lamp (Blak Ray) is sufficient to cause polymerization. 

Animal models evaluated 

[0089] Animal models evaluated included a rat cecum model and a rabbit uterine horm model. In the rat cecum 
20 mode, 6 out of 7 animals treated with the macromer solution showed no adhesions whatsoever, while untreated animals 
showed consistent dense adhesion formation. In the rabbit uterine horn model, a significant (p<0.01 ) reduction in adhe- 
sion formation was seen in the animals treated with the gel. Studies conducted in rats using only the ungelled viscous 
precursor solution (no LWUV) failed to prevent the formation of adhesions. 

25 Rat cecum model 

[0090] Twenty-one Sprague Dawley male rats having an average weight of 250 gm were divided into three groups 
for treatment and two for controls. The abdomen was shaved and prepared with a betadine solution. A midline incision 
was made under Equithesin anesthesia. The cecum was located and 4 to 5 scrapes were made on a region about 2 x 

30 1 cm on one side of the cecum, using a 4 x 4 in gauze pad to produce serosal injury and punctate bleeding. The abdom- 
inal incisions in these animals were closed using a continuous 4-0 silk suture for the musculoperitoneal layer and 7.5 
mm stainless steel staples for the cutaneous layer. A topical antibiotic was applied at the incision site. 
[0091] The first group consisted of 7 animals serving as controls without treatment, to confirm the validity of the 
model. The second group served as a control with the application of the precursor but without phocopolymerization to 

35 form the hydrogel. After induction of the cecal injury, about 0.25 ml of the precursor solution was applied to the injury 
site using a pipet. The abdominal incision was then closed as above. 

[0092] The third group served as the gel treatment group and was prepared as the second group except that the 
precursor film was exposed to a LWUV lamp for 45 seconds to cause gelation. Both the obverse and reverse sides of 
the cecum were similarly treated with precursor and light No attempt was made to dry the surface of the tissue, to 

40 remove blood, or to irrigate the area prior to treatment. 

[0093] The animals were sacrificed at the end of two weeks by C0 2 asphyxiation. The incisions were reopened and 
adhesions were scored for location, extent and tenacity. The extent of adhesions was reported as a percentage of the 
traumatized area of the cecum which forms adhesions with adnexal organs or the peritoneal wall. Tenacity of the adhe- 
sions was scored on a scale from 0 to 4: no adhesions - grade 0; tentative transparent adhesions which frequently sep- 

45 arate on their own - grade 1 ; adhesions that give some resistance but can be separated by hand - grade 2; adhesions 
that require blunt instrument dissection to separate - grade 3; and dense thick adhesions which require sharp instru- 
ment dissection in the plane of the adhesion to separate -grade 4. 

Rat cecum model results 

50 

[0094] The control group without treatment shows consistently dense and extensive adhesions. The extent of 
abraded area covered with adhesions was seen to be 73±21 % (mean ± S.D., n=7). The severity of adhesions was grade 
3.5±0.4. Most of the adhesions were dense and fibrous, involving the cecum with itself, with the peritoneal wall and with 
other organs such as the liver, small intestine, and large intestine. Frequently the nesentery was seen to be involved in 
55 adhesions. In the control group with the application of precursor solution but without gelation by exposure to the LWUV 
lamp, the extent of adhesion was 60 ± 24% (n=7), and the severity of adhesions was 3.1 ± 0.4. In the gel treated group, 
the cecum was seen to be completely free of adhesions in 6 out of 7 animals. In one case, a grade 2 adhesion was seen 
with the mesentery over 1 0% of the area and a grade 2.5 adhesion was seen over 1 5% of the area, bridging the cecum 
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to the sutures on the site of the incision in the peritoneal wall. The overall adhesion extent for the group was 4%, and 
the overall severity was 0.32. No evidence of residual gel was visible, the gel presumably having degraded within the 
prior two weeks. The cecum appeared whitish with a fibrous layer on the surface in the control group, but the tissue 
appeared healthy and normal in animals treated with the gel. 

5 

Rabbit uterine horn model 

[0095] Eight sexually mature female New Zealand rabbits between 2 and 3 kg in weight were prepared for surgery. 
A midline incision was made in the lower abdominal region under Rompun, Ketamine, and Acepromazine anesthesia. 

w The uterine horns were located and the vasculature to both horns was systematically cauterized to induce an ischemic 
injury. One animal was rejected from the study due to immature uterine horns. Seven rabbits were selected for the treat- 
ment with only the photopofymerizable hydrogel and two animals were selected for evaluating the combined efficacy of 
the hydrogel with a fibrinolytic agent, tissue plasminogen activator (tPA). 5 mg of tPA/ml macromer solution was used 
in the latter case. After cauterization, macromer solutions (0.5 ml) were applied along the horn and allowed to coat the 

75 surface where the cauterization injury had been induced. After uniform application of the solution was complete, the 
horns were exposed to a LWUV lamp for 1 min to induce gelation. The procedure was repeated on the reverse side of 
the horns. The incisions were then closed using a continuous 2-0 Vicryl (Ethicon) suture for the musculoperitoneal layer 
and a 0 Vicryl (Ethicon) suture for the cutaneous layer. No prophylactic antibiotics were administered. No postoperative 
complications or infections were observed. Five animals were used in the control group. The ischemic injury was made 

20 as described and the incision was closed without the application of the precursor; all techniques were identical between 
the treatment group and the control group. 

[0096] Controls were used where the same animal model was subjected to surgery without application of the mac- 
romer; all surgical techniques were identical between the treatment group and the historical controls. 
[0097] The rabbits were reoperated under Ketamine anesthesia at the end of two weeks to evaluate adhesion for- 

25 mation; they were sacrificed by intracardiac KCi injection. Adhesion formation was evaluated for extent and tenacity. 
Extent of adhesion formation was evaluated by measuring the length of the uterine horn that formed adhesions with 
itself or with the peritoneal wall or other organs. Tenacity of adhesion was classified as either filmy or fibrous. Filmy 
adhesions were usually transparent, less strong, and could be freed by hand. The fibrous adhesions were dense, whit- 
ish, and usually required sharp instrument dissection to be freed. In cases where only a single filmy adhesion band was 

30 evident, a score of 5% was assigned. 

[0098] Typical samples of the horn were excised for histology and were fixed in a 1 0% neutral buffered formalin 
solution. Paraffin sections of the samples were stained using hematoxylin and eosin. 

Rabbit uterine horn model results 

35 

[0099] The adhesion score is the % of affected area occupied by the adhesions, with grading of each as being filmy 
or fibrous. Distorted horn anatomies were observed in control animals. The mean score in the control group was 50 ± 
1 5% of the affected area of the horn being occupied by adhesions with 1 0% of these being filmy and 90% fibrous. Dis- 
torted horn anatomies were observed, as can be seen from Figure 5A which presents a superior view of the uterine 
40 horn in an animal used as a control, which showed adhesions over 66% of the horn surface. The group of animals 
treated only with the photopolymerized macromer showed an adhesion score of 1 3±1 1 .4% (n=1 0). Of these, 4 animals 
showed less than 5% adhesions with only an occasional filmy band visible. 

[01 00] The animals treated with photopolymerized gel containing tPA showed further improved results over the "gel 
only" animals. One animals showed a filmy band on both the right and left horn. They were assigned a score of 5% with 
45 a total score of 10%. The other animal did not show any adhesions at ail. Thus the total score for these animals was 
5±5%. 

[0101] Figure SB shows normal horn anatomy in a typical horn which has undergone gel treatment. Adhesions are 
filmy in all cases and no dense bands are seen. No traces of the remaining gel could be observed. Typical samples of 
horns showing filmy adhesions showed some fibrous tissue with a 6-15 cell thick layer of fibroblasts showing some col- 
so lagen fibrils but no formation of dense collagen fibers. The horns showing no adhesions occasionally showed a 1-4 cell 
thick layer of fibroblasts, but mostly a normal epithelium with no evidence of inflammatory cells. 
[0102] This same procedure was slightly modified as described below as a better mode of using the polymers to 
prevent postoperative adhesions using the rat uterine horn model. 

[0103] Female rats were anesthetized with pentobarbital (50 mg/kg, intraperitoneally), and a midline laparotomy 
55 was performed. The uterine horns were exposed, and the vasculature in the arcade feeding the horns was systemati- 
cally cauterized using bipolar cautery; the most proximal and most distal large vessel on each horn were not cauterized. 
Following this, the antimesenteric surface of each horn was cauterized at two 1 mm diameter spots on each horn,' each 
separated by a 2 cm distance, the pair centered along the length of each horn. Following injury, 0.5 ml of macromer 
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solution was applied per horn and was gelled by exposure to long wavelength ultraviolet light (365 nm, approximately 
20 mW/cm 2 ) for 15 sec per surface on the front side and on the back side each. The uterus was replaced in the perito- 
neal cavity, and the musculoperitoneaJ and skin layers were closed. 

[0104] The macromer consisted of a PEG chain of MW 8,000 daltons, extended on both sides with a lactic acid oli- 

5 gomer of an average degree of polymerization of 5 lactidyl groups, and further acrylated nominally at both ends by reac- 
tion with acryloyl chloride. In one batch, Batch A, the degree of acrylation was determined by NMR to be approximately 
75%, and in another, Batch B. it was determined to be greater than approximately 95%. The macromer was dissolved 
in saline at a specified concentration, and the initiation system used was 2,2-dimethoxy-2-phenyl acetophenone from a 
stock solution in N-vinyl pyrrolidinone. the final concentration of 2 f 2-dimethoxy-2-phenyl acetophenone being 900 ppm 

to and the final concentration of N-vinyl pyrrolidinone being 0.15%. 

[0105] In one set of experiments, macromer from Batch A was applied in varying concentrations, and adhesions 
were scored at 7 days postoperatively. Scoring was performed by two means. The length of the horns involved in adhe- 
sions was measured with a ruler, and the fraction of the total length was calculated. The nature of the adhesions was 
also scored on a subjective scale, 0 being no adhesions, 1 being filmy adhesions that are easily separated by hand, and 

75 2 being dense adhesions that can only be separated by sharp instrument dissection. Furthermore, one of the samples 
contained tissue-plasminogen activator (t-PA), which is known to reduce adhesions, at a concentration of 0.5 mg/ml 
(0.5%) macromer solution. The results are shown in Table 1 1 for macromer batch A and batch B. 
[0106] In a third set of experiments, adhesions were formed in female rats as described above, and the adhesions 
were surgically lysed 7 days after the initial surgery. The extent and grade of adhesions was scored during lysis. The 

20 animals were divided into two groups, and one group was treated with macromer from Batch B at a concentration of 
10%. The results are shown in Table 1 1 as batch B, 10%. 



Table 1 1 



Reduction of Adhesions with Polymer. 


Concentration macromer 


Extent of adhe- 


Grade of adhesions 


Number of Animals 






sions % (S.D.) 


(0-2) 




Polymer A 








15% 




24.6 (3.1) 


1.1 (0.1) 


. 7 


20% 




33.6 (9.8) 


1 .2 (0.3) 


7 


25% 




37.5 (11.1) 


1.2 (0.1) 


7 


30% 




54.2 (12.0) 


1.6 (0.4) 


6 


20% + t-PA 


18.3 (6.4) 


1.1(0.1) 


6 


Control (saline) 


72.6 (18.7) 


1.5 (0.2) 


7 


Polymer B 








5% 




22.1 (4.2) 


1.2 (0.1) 


7 


10% 




10.0(5.1) 


1.0 (0) 


7 


15% 




17.8(5.7) 


1.0 (0) 


7 


20% 




26.3(11.4) 


1 .4 (0.2) 


7 


Control (saline) 


75.9 (4.4) 


1 .8 (0.3) 


7 


Polymer B, 10% 








Scoring performed at: 


group that became: 








time of lysis 


Controls 


85.9 (9.7) 


1.8 (0.1) 


7 


Time of lysis 


Treatment 


79.4 (6.8) 


1 .7 (0.2) 


7 


7 days post-lysis 


Controls 


78.8 (11.3) 


1.8 (0.1) 


7 


7 days post-lysis 


Treatment 


28.2 (5.1) 


1.0 (0) 


7 



[0107] The above results illustrate that the photopolymerized macromer can reduce or prevent post operative adhe 
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sions in both primary adhesions and adhesiofysis models, and moreover that the gel can be used to locally release a 
drug to exert a combined beneficial effect. 

Example 13: Nerve anastomosis. 

5 

[0108] The sciatic nerve of a rat was aseptically severed using a scalpel and allowed to pull apart. The two ends of 
the nerve were reopposed using sterile forceps, and a 50% solution in buffer of polymer 1 KL, a macromer made from 
PEG 1K with lactide chain extension and acrylate termination, with 0.1% 2,2-dimethoxy-2-phenoxy acetophenone was 
applied to the nerve stumps. The affected area was illuminated with a 1 00 W LWUV lamp for 60 seconds, and an adhe- 

w sive bond was observed to form between the proximal and distal nerve stumps. 

[0109] To ensure the biocompatibility of the applied material with the nerve tissue, the same solution of macromer 
was applied to nonsevered rat sciatic nerves, and the area of the incision was closed using standard small animal sur- 
gical technique. The area was reopened at 1 hour or 24 hour postoperative ly, and the affected area of the nerve was 
removed en block and prepared for transmission electron microscopy. No morphological differences were observable 

is between the treated nerves at either time point as compared to control rat sciatic nerves that were otherwise nonma- 
nipulated, even though they had been traumatized and manipulated. 

Example 14: Evaluation of PEG Based Degradable Gels as Tissue Adheslves. 

20 [0110] Abdominal muscle flaps from female New Zealand white rabbits were excised and cut into strips 1 cm X 5 
cm. The flaps were approximately 0.5 to 0.8 cm thick. A lap joint, 1 cm X 1 cm, was made using two such flaps. Two 
different compositions, 0.6KL and 1 KL, were evaluated on these tissues. Both these compositions were viscous liquids 
and were used without further dilution. 125 u,l of ethyl eosin solution in N-vinyl pyrrolidone (20 mg/ml) along with 50 u>l 
of triethanolamine was added to each ml of the adhesive solution. 1 00 uJ of adhesive solution was applied to each of 

25 the overlapping flaps. The lap joint was then irradiated by scanning with a 2 W argon Ion laser for 30 sec from each side. 
The strength of the resulting joints was evaluated by measuring the force required to shear the lap joint. One end of the 
lap joint was clamped and an increasing load was applied to the other end, while holding the joint was clamped and an 
increasing load was applied to the other end, while holding the joint horizontally-untii it failed. Four joints were tested for 
each composition. The 1 KL joints had a strength of 6.6±1 .0 KPa (mean ±S.D.), while the 0.6KL joints had a strength of 

30 1 1 .4±2.9KPa. it is significant to note that it was possible to achieve photopolymerization and reasonable joint strength 
despite the 6-8 mm thickness of tissue. A spectrophotometric estimate using 514 nm light showed less than 1% trans- 
mission through such muscle tissue. 

Example 15: PEG Chain Extended with Potyorthocarbo nates and Capped with Ur ethane Methacrylate. 

35 

[0111] 3, 9-bis(methylene) 2,4,8,1 0-tetraoxaspiro [5,5] undecane (1g) and polyethylene glycol (molecular weight, 
1 ,000, 7.059 g) were weighed into a 250 ml Schlenk tube under dry nitrogen atmosphere in a glove bag. 50 ml of dry 
tetrahydrofuran was introduced under nitrogen atmosphere and reaction mixture was stirred for 6 hours at 50°C. This 
is a typical step growth reaction with a disturbed stoichiometry, resulting in low molecular weight poloyorthocarbonate 
40 with terminal hydroxy groups. The oligomer was separated by precipitating in hexane and dried under vacuum. 5 g of 
oligomer was redissolved in dry THF to which 20 u,l of dibutyltindilaurate and 2 ml of 2-isocyanatoethyl methacrylate 
were slowly introduced and temperature was raised to 50°C. It was held there for 6 hours and cooled. The product was 
separated by precipitation in hexane. In this gel, the degradable region is a polyorthocarbonate. 

45 Example 16: Microencapsulation of Animal Cells. 

[0112] A 23% wAw solution of 18.5KG in HEPES buffered saline (5 ml) was used to resuspend 10 6 CEM-SS cells. 
Ethyl eosin (10* 4 M) was used as a solution in N-vinyl pyrrolidone as the initiator and triethanolamine (0.01 M) was used 
as the coinitiator. The solution was then exposed through a coextrusion apparatus to an argon ion laser (514 nm, 2 

so Watts). The coextrusion apparatus had mineral oil as the fluid flowing annularly (flow rate 4 ml/min) around an extruding 
stream of the precursor cell suspension (flow rate 0.5 ml/min). The microdriplets gelled rapidly on being exposed to the 
laser light and were collected in a container containing PBS. The oil separated from the aqueous phase and the micro- 
spheres could be collected in the PBS below. The microspheres formed were thoroughly washed with PBS buffer to 
remove unreacted monomer and residual initiator. The size and shape of microspheres was dependent on extrusion 

55 rate and extruding capillary diameter (18 Ga to 25 Ga). The polymerization times were dependent on initiator concen- 
tration (ethyl eosin 5 u.M to 0.5 mM, vinyl pyrrolidone (0.001% to 0.1%), and triethanolamine (5 mM to 0.1 M), laser 
power (120 mW to 2W), and monomer concentration (>10%w/v). Spheres prepared using this method had a diameter 
from 500 um to 1 ,200 um The polymerizations were carried out at physiological pH in the presence of air. This is sig- 



21 




EP 0 627 911 B1 



nrficant since radical polymerizations may be affected by the presence of oxygen. Cell viability subsequent to encapsu- 
lation was checked by trypan blue exclusion assay and the encapsulated cells were found to be more than 95% viable 
after encapsulation. 

5 Example 17: Various Formulations for the Prevention of Post Operative Adhesions. 

[0113] The utility of PEG-oligo(a-hydroxy acid) diacrylates and tetraacrylates to prevent postoperative adhesions 
was evaluated in the rabbit uterine horn model as described above. The following polymers were synthesized, as 
described above: PEG 6K lactide diacryiate (6KL), PEG 10K lactide diacrylate (10KL). PEG 18.5K lactide (18.5KL), 

w PEG 20K lactide (20KL). Solutions with 24% polymer in PBS with 900 ppm 2,2-dimethoxy-2 -phenyl acetophenone, 
were prepared as described above. The solutions were applied to the uterine horn after cautery of the vascular arcade 
and illuminated with a 365 nm LWUV lamp, as described above. In one formulation, 18.5KL, 5 mg t-PA was mixed into 
the solution before application. Controls consisted of animals manipulated and cauterized but not treated with mac- 
romer solution. Measurement was performed on the 14th ± 1 day. Extent of adhesion was estimated from the fraction 

75 of the horn that was involved in adhesions, and the tenacity of adhesions was scored as 0, no adhesions; 1 , filmy adhe- 
sions that offer no resistance to dissection; 2, fibrous adhesions that are dissectable by hand; 3, fibrous adhesions that 
are dissectable by blunt instruments; and 4, fibrous adhesions that are dissectable by sharp instruments. The results 
were as follows, where the extent of adhesions and the tenacity of the adhesions are shown. 

20 

Table 12 



Efficacy of Polymer in Preventing Adhesions. 


Formulation 


Number of animals 


Extent %, ± S.D. 


Tenacity, 0-4 ± S.D. 


6KL 


7 


0.9 ± 1.7 


0.9 ±0.7 


10KL 


7 


0±0 


0 + 0 


20KL 


6 


4.4 ± 5.0 


0.9 ± 0.7 


18.5KL t-PA 


7 


8.9 ±13.1 


1.6± 1.3 


Control 


7 


35±22 


3.3 ±0.6 



Example 18: Polymerization of Ultrathln layers of Polymer on the surface of blood vessels to reduce thrombo- 
35 sis after vessel Injury. 

[0114] Blood vessels were harvested from rats and were rinsed free of blood. The endothelium of the vessel were 
removed by inserting a wooden dowel and rotating the vessel over the dowel. One vessel was used as a control, and 
was exposed to flowing blood as described below without further modification. Another vessel was treated first by expo- 

40 sure to eosin Y at 1 mM in saline, then rinsed in HEPES buffered saline, then filled with a solution of PEG-MA, PEG 
10K with acrylate end-capped oligomers of DL lactide, containing Methanol amine (TEA) (100 mM) and N-vinylpyrro- 
lidone (VP) (0.15%) and then illuminated by exposure to an argon ion laser at 0.5 W/cm2 for 15 sec. The nonpolymer- 
ized prepolymer mixture in the lumen of the vessel was rinsed away with saline. Human blood was collected from the 
antecubital vein and was anticoagulated with heparin at 2 units/ml. This blood was perfused through each vessel by a 

45 syringe pump at a flow rate corresponding to a wall shear rate of approximately 200/s for 7 min. The vessel was then 
superficially rinsed in saline and fixed in formaldehyde. 

[0115] The treated vessel did not appear colored or different in color after perfusion compared to its color before 
perfusion, while the untreated control vessel appeared blood red. Thin segments of each vessel were cut from each 
vessel, were mounted on end, and were examined by environmental scanning electron microscopy (ESEM). ESEM is 

so performed on hydrated samples in relatively low vacuum. This permits the visualization of the polymer film coating in 
the swollen and wet state. This is important to obtain measurements that may be readily interpreted, since the polymer 
film is approximately 95% water. A high degree of thrombosis was readily observed in the control vessel. The lumen of 
this vessel was narrowed to less than one-third its diameter pre-perfusion by the accumulation of thrombus, as shown 
in Figure 6A. By contrast, no thrombus could be observed in the lumen of the treated vessel, as shown in Figure 6B. A 

55 higher magnification of the vessel wall demonstrated no adherent thrombus. A still higher magnification shows a white 
structure which is the polymer film, which is different in contrast from the tissue due to differential charging under the 
electron beam of the ESEM. The film may be seen to be precisely conformed to the shape of the vessel and be approx- 
imately 5 - 8 um thick. 
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[0116] The region of polymerization was restricted to the neighborhood of the blood vessel wall surface. The pho- 
tosensitive dye was adsorbed to the vessel wall. Unbound dye was rinsed away. The entire lumen was filled with pre- 
polymer, but upon illumination the gel formation was restricted to the vessel wail where the dye and the prepolymer 
meet. This interfacial polymerization process can be conducted to produce surface adherent layers that vary in thick- 

5 ness from less than 7 ujti to more than 500 jim. 

[0117] The above procedure was performed in 8 control rat arteries, and 8 treated arteries, with equivalent light 
microscopic histological results as described above. As demonstrated by this study, PEG prepolymers can be polymer- 
ized upon the lumenal surface of blood vessels. The immediate effect of this modification is to reduce the thrombogenic- 
ity of an injured blood vessel surface. This has clear utility in improving the outcome of balloon angioplasty by reducing 

w the thrombogenicity of the vessel and lesion injured by balloon dilation. Another effect of this modification is to be 
reduce smooth muscle cell hyperplasia. This may be expected for two reasons. First, platelets contain a potent growth 
factor, platelet-derived growth factor (PDGF), thought to be involved in post-angioplasty hyperplasia. The interruption of 
the delivery of PDGF itself poses a pharmacological intervention, in that a "drug* that would have been delivered by the 
platelets would be prevented from being delivered. Thrombosis results in the generation of thrombin, which is a known 

15 smooth muscle cell mitogen. The interruption of thrombin generation and delivery to the vessel wall also poses a phar- 
macological intervention. There are other growth factors soluble in plasma which are known to be smooth muscle cell 
mitogens. The interruption of thrombin generation and delivery to the vessel wall also poses a pharmacological inter- 
vention. Moreover, there are other growth factors soluble in plasma which are known to be smooth muscle cell 
mitogens. The gel layer is known to present a permselective barrier on the surface of the tissue, and thus the gel layer 

20 may reasonably be expected to reduce hyperplasia after angioplasty. The inhibition of thrombosis upon the vessel wall 
may also reduce the incidence of abrupt reclosure and vasospasm, both of which occur sometimes following vascular 
intervention. 

Example 19: Interfacial Polymerization of Macromers Inside Blood Vessels to Prevent Thrombosis. 

25 

[011 8] Macromer solutions were polymerized interfacially within previously injured blood vessels in vivo to prevent 
thrombosis. The carotid artery was exposed, and a polyethylene tube (PE-10) was used to cannulate the exterior 
carotid artery. The artery was clamped with fine arterial clamps proximal to the interior/exterior carotid artery bifurcation 
and approximately 2 cm distal to the bifurcation. A 1 ml tuberculin syringe was used to rinse the blood from the lumen 

30 of the isolated zone by filling and emptying the vessel zone. The vessel was injured by crushing using a hemostat. The 
isolated zone was filled with a 10 mM solution of eosin Y for 2 minutes, after which it was rinsed and filled with a 20% 
solution of a macromer in saline with 0. 1 mM triethanolamine and 0. 1 5% N-vinyl pyrrolidinone. The macromer consisted 
of a PEG chain of MW 8,000 daltons, extended on both sides with a lactic acid oligomer of an average degree of polym- 
erization of 5 lactidyl groups, and further acrylated nominally at both ends by reaction with acryloyl chloride. The vessel 

35 was illuminated transmurally using an argon ion laser (514 nm) at an intensity of approximately 1 mW/cm 2 for 5 sec- 
onds. Following this, the cannula was removed from the exterior carotid artery and the artery was ligated at the bifurca- 
tion. The arterial clamps were removed to permit the resumption of blood flow. Perfusion was allowed for 20 minutes, 
following which the vessel were again isolated, removed from the body, gently rinsed, fixed, and prepared for light 
microscopic histological analysis. Using the naked eye, the crushed segments in control animals, which lacked illumi- 

40 nation, were red, indicating internal thrombus with entrapped red blood ceils. By contrast, no redness was observed at 
the site of the crush injury in the treated vessels. Histology showed extensive thrombus, fibrin, and entrapped red blood 
cells in the non-treated vessels. By contrast, no thrombus or fibrin or entrapped red blood ceils were observed in the 
treated vessels. The procedure was conducted in four control animals and three treated animals. 
[0119] This example demonstrates that the polymerization can be carried out in situ in the living animal, that the 

45 polymer coating remains adherent to the vessel wall during arterial blood flow, and that the polymer coating can prevent 
thrombosis in vivo in non-anticoagulated animals. This approach to treatment has clear benefits in preventing abrupt 
reclosure, vasospasm, and restenosis after intravascular interventional procedures. Moreover, it is more generally 
applicable to other intraluminal and open-surface organs to be treated. 

so Claims 

Claims for the following Contracting States : AT, BE, CH, DE, OK, ES, FR, GB, GR, IE, IT, LI, LU, MC, NL, SE 

1 . A biodegradable , polvmerizable macromer having a solubility of at least 1 g/1 00 ml in an aqueous solution compris- 
55 ing at least one water soluble region, at least one degradable region which is hydroiyzable under in vivo conditions, 
and free radical polvmerizable end groups having the capacity to form additional covalent bonds resulting in mac- 
romer interlinking, wherein the polvmerizable end groups are separated from each other by at least one degradable 
region and wherein the water soluble region is not a carbohydrate, polysaccharide or protein. 
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2. The macromer of claim 1 wherein the water soluble region is attached to a degradable region, at least one polym- 
erizable end group is attached to the water soluble region, and at least one polymerizable end group is attached to 
the degradable region. 

5 3. The macromer of claim 1 wherein the water soluble region forms a central core, at least two degradable regions are 
attached to the core, and the polymerizable end groups are attached to the degradable regions. 

4. The macromer of claim 2 wherein the degradable region is a central core, at least two water soluble regions are 
attached to the core, and a polymerizable end group is attached to each water soluble region. 

w 

5. The macromer of claim 1 wherein the water soluble region is a macromer backbone, the degradable region is a 
branch or graft attached to the macromer backbone, and end groups are attached to the degradable regions. 

6. The macromer of claim 1 wherein the degradable region is a macromer backbone, the water soluble region is a 
is branch or graft attached to the degradable backbone, and polymerizable end groups are attached to the water sol- 
uble branches or grafts. 

7. The macromer of claim 1 wherein the water soluble region is a star backbone, the degradable region is a branch or 
graft attached to the water soluble star backbone, and at least two polymerizable end groups are attached to a 

20 degradable branch or graft. 

8. The macromer of claim 1 wherein the degradable region is a star backbone, the water soluble region is a branch or 
graft attached to the degradable star backbone, and two or more polymerizable end groups are attached to the 
water soluble branch or graft. 

25 

9. The macromer of claim 1 wherein the water soluble region is also the degradable region. 

10. The macromer of claim 1 wherein the water soluble region is also the degradable region, one or more additional 
degradable regions are grafts or branches upon the water soluble region. 

30 

11. The macromer of claim 1 comprising a water-soluble core region, at least two degradable extensions on the core, 
and an end cap on at least two of the degradable extensions, wherein the core comprises poly(ethylene glycol) 
each extension comprises biodegradable poly (a-hydroxy acid); and each end cap comprises an acrylate oligomer 
or monomer. 

35 

12. The macromer of claim 1 1 wherein the poly(ethylene glycol) has a molecular weight between about 400 and 30,000 
Da; 

the poly( a-hydroxy acid) oligomers have a molecular weight between about 200 and 1200 Da; and 
40 the acrylate oligomer or monomer have a molecular weight between about 50 and 200 Da. 

13. The macromer of Claim 12 wherein the poly (ethylene glycol) oligomers have a molecular weight of about 10 000 
Da; the poly (lactic acid) oligomers have a molecular weight of about 250 Da; and the acrylate oligomers have a 
molecular weight of about 1 00 Da. 

45 

14. The macromer of claim 1 wherein the polymerizable end groups contain a carbon-carbon double bond capable of 
cross-linking and polymerizing macromers. 

15. The macromer of claim 1 wherein crosslinking and polymerization of the macromer can be initiated by a light-sen- 
50 sitive free-radical polymerization initiator with or without a cocatalyst, further comprising a free radical polymeriza- 
tion initiator. 

16. The macromer of claim 15 wherein the initiator is selected from the group consisting of amines, dyes, camphorqui- 
nones and acetophenones. 



55 



17. The macromer of claim 16 wherein the initiator is selected from the group consisting of eosin dye with trieth- 
anolamine, ethyl eosin dye with triethanolamine, 2,2-dimethoxy-2-phenyl acetophenone, and 2-methoxy-2-phenyl 
acetophenone. 
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18. The macromer of claim 1 wherein crosslinking or polymerizations can be initiated in situ by light having a wave- 
length of 320 nm or longer 

19. The macromer of claim 1 or 1 1 wherein the degradable region is selected from the group consisting of poly (a 
5 hydroxy acids), poly (lactones), poly(amino acids), poty(anhydrides), poly(orthoesters). and poly(phosphoesters). 

20. The macromer of claim 19 wherein the poly(ct-hydroxy acid) is selected from the group consisting of poly(glycolic 
acid), poly(DL-lactic acid) and poly(L-Jactic acid). 

w 21 . The macromer of claim 1 9 wherein the poly(lactone) is selected from the group consisting of poly (e-capro lactone), 
poly (5-valerolactone) or poly(X-butyrolactone). 

22. The macromer of claim 1 wherein the water soluble region is selected from the group consisting of poly(ethylene 
glycol), poly(ethylene oxide), poly(vinyl alcohol), poly(vinylpyrrolidone), poly(ethyloxazoline), poly(ethylene oxide)- 

15 co-poly(propyleneoxide) block copolymers, and combinations thereof. 

23. The macromer of claim 1 further comprising biologically active molecules selected from the group consisting of pro- 
teins, carbohydrates, nucleic acids, organic molecules inorganic biologically active molecules, cells, tissues and tis- 
sue aggregates. 

20 

24. The use of an aqueous solution comprising a light-sensitive free-radical polymerization initiator and a water-solu- 
ble, biodegradable, potymerizable macromer as claimed in Claim 1 in the preparation of a medicament for use in a 
method of reducing formation of adhesions after a surgical procedure in a patient, the method comprising 

25 coating disturbed tissue surfaces in a patient with the solution; and 

exposing coated tissue surfaces to light sufficient to polymerize said macromer. 

25. The use according to claim 24 wherein the biodegradable, potymerizable macromer comprises a core, at least two 
30 extensions on the core, and an end cap on at least two extensions; wherein the core is a hydrophilic polymer or 

oligomer; each extension is a biodegradable oligomer or monomer; and each end cap is an oligomer or monomer 
capable of cross-linking and polymerizing macromers. 

26. The use as claimed in claim 24 wherein the water-soluble, biodegradable, polymerizable macromer is a carbohy- 
35 drate or protein comprising an affixed compound having a carbon-carbon double bond. 

27. The use as claimed in claim 26 where the water-soluble, biodegradable, polymerizable macromer is a hyaluronic 
acid or a chondroitin sulfate or a heparan sulfate or a dextran comprising in each case an affixed compound having 
a carbon-carbon double bond. 

40 

28. The use of an aqueous solution comprising a light-sensitive free-radical polymerization initiator and a water-solu- 
ble, biodegradable, polymerizable macromer as claimed in Claim 1 to form a coating mixture in the preparation of 
a medicament for locally applying and/or controitabty releasing the biologically active substance to tissue surfaces 
of a patient and exposing the coated tissue surfaces to light sufficient to polymerize said macromer. 

45 

29. The use as claimed in claim 28 wherein the biologically active substance is an enzyme, antibiotic, antineoplastic 
agent, neurotransmitter, local anesthetic, hormone, antibody, psychoactive drug, drug affecting a reproductive 
organ or antisense oligonucleotide. 

so 30. The use of an aqueous mixture of a water soluble, biodegradable, polymerizable macromer, as claimed in Claim 1 , 
a photoinitiator or photoinitiator/cocatalyst mixture in the preparation of a medicament for causing tissue adhesion 
to or sealing of a tissue surface in a patient by applying the mixture to a tissue surface to which tissue adhesion is 
desired, contacting the tissue surface with the tissue with which adhesion is desired, forming a tissue junction, and 
irradiating the tissue junction with light 



55 



31. The use as claimed in claim 30 wherein the macromer comprises collagen and a polymerizable end cap or gelatin 
and a polymerizable end cap. 
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32. A method of encapsulating a biologically active substance for controlled delivery or containment for treatment of a 
patient, the method comprising 

mixing a biologically active substance with an aqueous solution comprising a light-sensitive free-radical polym- 
5 erization initiator and a water-soluble, biodegradable, polymerizable macromer as claimed in Claim 1 ; and 

exposing said solution as sheets, rods, spheres, microparticles, or nanoparticles to light sufficient to polymer- 
ize said macromer. 

33. The method of claim 32 wherein the water-soluble biodegradable, polymerizable macromer is a carbohydrate or 
io protein comprising an affixed compound having a carbon-carbon double bond. 

34. The method of claims 32 or 33 wherein the macromer has a hydrophiic core of poly(ethylene glycol). 

35. The method of claim 34 wherein the macromer is extended with two oligomers of an alpha hydroxy acid which have 
15 acrylate or methacrylate end caps. 

Claims for the following Contracting State : PT 

1 . A biodegradable, polymerizable macromer having a solubility of at least 1 g/1 00 ml in an aqueous solution compris- 
20 ing at least one water soluble region, at least one degradable region which is hydrolyzable under in vivo conditions, 
and free radical polymerizable end groups having the capacity to form additional covalent bonds resulting in mac- 
romer interlinking, wherein the polymerizable end groups are separated from each other by at least one degradable 
region. 

25 2. The macromer of claim 1 wherein the water soluble region is attached to a degradable region, at least one polym- 
erizable end group is attached to the water soluble region, and at least one polymerizable end group is attached to 
the degradable region. 

3. The macromer of claim 1 wherein the water soluble region forms a central core, at least two degradable regions are 
30 attached to the core, and the polymerizable end groups are attached to the degradable regions. 

4. The macromer of claim 2 wherein the degradable region is a central core, at least two water soluble regions are 
attached to the core, and a polymerizable end group is attached to each water soluble region. 

35 5. The macromer of claim 1 wherein the water soluble region is a macromer backbone, the degradable region is a 
branch or graft attached to the macromer backbone, and end groups are attached to the degradable regions. 

6. The macromer of claim 1 wherein the degradable region is a macromer backbone, the water soluble region is a 
branch or graft attached to the degradable backbone, and polymerizable end groups are attached to the water sol- 

40 uble branches or grafts. 

7. The macromer of claim 1 wherein the water soluble region is a star backbone, the degradable region is a branch or 
graft attached to the water soluble star backbone, and at least two polymerizable end groups are attached to a 
degradable branch or graft. 

45 

8. The macromer of claim 1 wherein the degradable region is a star backbone, the water soluble region is a branch or 
graft attached to the degradable star backbone, and two or more polymerizable end groups are attached to the 
water soluble branch or graft. 

so 9. The macromer of claim 1 wherein the water soluble region is also the degradable region. 

10. The macromer of claim 1 wherein the water soluble region is also the degradable region, one or more additional 
degradable regions are grafts or branches upon the water soluble region. 

55 11. The macromer of claim 1 comprising a water-soluble core region, at least two degradable extensions on the core, 
and an end cap on at least two of the degradable extensions, wherein 

the core comprises poly(ethylene glycol) 
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each extension comprises biodegradable poly (a-hydroxy acid); and 
each end cap comprises an acrylate oligomer or monomer. 

12. The macromer of claim 1 1 wherein the poly(ethylene glycol) has a molecular weight between about 400 and 30,000 
5 Da; 

the poly(a-hydroxy acid) oligomers have a molecular weight between about 200 and 1200 Da; and 
the acrylate oligomer or monomer have a molecular weight between about 50 and 200 Da. 

w 13. The macromer of Claim 12 wherein the poly (ethylene glycol) oligomers have a molecular weight of about 10 000 
Da; the poly (tactic acid) oligomers have a molecular weight of about 250 Da; and the acrylate oligomers have a 
molecular weight of about 1 00 Da. 

14. The macromer of claim 1 wherein the polymerizable end groups contain a carbon-carbon double bond capable of 
is cross-linking and polymerizing macromers. 

15. The macromer of claim 1 wherein crosslinking and polymerization of the macromer can be initiated by a light-sen- 
sitive free-radical polymerization initiator with or without a cocatalyst, further comprising a free radical polymeriza- 
tion initiator. 

20 

16. The macromer of claim 15 wherein the initiator is selected from the group consisting of amines, dyes, camphorqui- 
nones and acetophe nones. 

17. The macromer of claim 16 wherein the initiator is selected from the group consisting of eosin dye with trieth- 
25 anolamine, ethyl eosin dye with triethanolamine, 2,2-dimethoxy-2-phenyl acetophenone, and 2-methoxy-2-phenyl 

acetophenone. 

18. The macromer of claim 1 wherein crosslinking or polymerizations can be initiated in situ by tight having a wave- 
length of 320 nm or longer. 

30 

19. The macromer of claim 1 or 11 wherein the degradable region is selected from the group consisting of poly (a 
hydroxy acids), poly(lactones), poly(amino acids), poly(anhydrides), poly(orthoesters), and poly(phosphoesters). 

20. The macromer of claim 19 wherein the poly(a-hydroxy acid) is selected from the group consisting of poly(glycolic 
35 acid), poly(DL-lactic acid) and poly(L-lactic acid). 

21. The macromer of claim 19 wherein the poly(tactone) is selected from the group consisting of poly (e-caprolactone), 
poly (&-valero lactone) or poly(A.-butyrolactone). 

40 22. The macromer of claim 1 wherein the water soluble region is selected from the group consisting of poly(ethylene 
glycol), poly(ethylene oxide), poly(vinyl alcohol), poly(vinylpyrrolidone), poly(ethyloxazoline), poly(ethylene oxide)- 
co-poly(propyleneoxide) block copolymers, and combinations thereof. 

23. The macromer of claim 1 further comprising biologically active molecules selected from the group consisting of pro- 
45 teins, carbohydrates, nucleic acids, organic molecules inorganic biologically active molecules cells, tissues and tis- 
sue aggregates. 

24. The use of an aqueous solution comprising a light-sensitive free-radical polymerization initiator and a water-solu- 
ble, biodegradable, polymerizable macromer as claimed in Claim 1 in the preparation of a medicament for use in a 

so method of reducing formation of adhesions after a surgical procedure in a patient, the method comprising 

coating disturbed tissue surfaces in a patient with the solution; and 

exposing coated tissue surfaces to light sufficient to polymerize said macromer. 

55 

25. The use according to claim 24 wherein the biodegradable, polymerizable macromer comprises a core, at least two 
extensions on the core, and an end cap on at least two extensions; wherein the core is a hydrophilic polymer or 
oligomer; each extension is a biodegradable oligomer or monomer; and each end cap is an oligomer or monomer 
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capable of cross-linking and polymerizing macromers. 

26. The use as claimed in claim 24 wherein the water-soluble, biodegradable, polymerizable macromer is a carbohy- 
drate or protein comprising an affixed compound having a carbon-carbon double bond. 

5 

27. The use as claimed in claim 26 where the water-soluble, biodegradable, polymerizable macromer is a hyaluronic 
acid or a chondroitin sulfate or a heparan sulfate or a dextran comprising in each case an affixed compound having 
a carbon-carbon double bond. 

w 28. The use of an aqueous solution comprising a light-sensitive free-radical polymerization initiator and a water-solu- 
ble, biodegradable, polymerizable macromer as claimed in Claim 1 to form a coating mixture in the preparation of 
a medicament for locally applying and/or controllably releasing the biologically active substance to tissue surfaces 
of a patient and exposing the coated tissue surfaces to light sufficient to polymerize said macromer 

15 29. The use as claimed in claim 28 wherein the biologically active substance is an enzyme, antibiotic, antineoplastic 
agent, neurotransmitter, local anesthetic, hormone, antibody, psychoactive drug, drug affecting a reproductive 
organ or antisense oligonucleotide. 

30. The use of an aqueous mixture of a water soluble, biodegradable, polymerizable macromer, as claimed in Claim 1 , 
20 a photoinitiator or photo initiate r/cocatalyst mixture in the preparation of a medicament for causing tissue adhesion 
to or sealing of a tissue surface in a patient by applying the mixture to a tissue surface to which tissue adhesion is 
desired, contacting the tissue surface with the tissue with which adhesion is desired, forming a tissue junction, and 
irradiating the tissue junction with light 

25 31 . The use as claimed in claim 30 wherein the macromer comprises collagen and a polymerizable end cap or gelatin 
and a polymerizable end cap. 

32. A method of encapsulating a biologically active substance for controlled delivery or containment for treatment of a 
patient, the method comprising 

30 

mixing a biologically active substance with an aqueous solution comprising a light-sensitive free-radical polym- 
erization initiator and a water-soluble, biodegradable, polymerizable macromer as claimed in Claim 1 ; and 
exposing said solution as sheets, rods, spheres, microparticles, or nanoparticles to light sufficient to polymer- 
ize said macromer. 

35 

33. The method of claim 32 wherein the water-soluble biodegradable, polymerizable macromer is a carbohydrate or 
protein comprising an affixed compound having a carbon-carbon double bond. 

34. The method of claims 32 or 33 wherein the macromer has a hydrophilic core of poly(ethylene glycol). 

40 

35. The method of claim 34 wherein the macromer is extended with two oligomers of an alpha hydroxy acid which have 
acrylate or methacrylate end caps. 

Patentansp ruche 

45 

PatentansprOchefQrfolgende Vertragsstaaten : AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LI, LU, MC, NL, SE 

1 . Biologisch abbaubares, polymerisierbares Makromer elner Loslichkeit in einer waBrigen Ldsung von mindestens 1 
g/100 ml, umfassend mindestens einen wasserloslichen Bereich, mindestens einen unter in-vivo-Bedingungen 

so hydro lysierbaren, abbaubaren Bereich und durch Radikaikettenpolymerisation polymerisierbare Endgruppen mit 
der Fahigkeit, zur Bildung von weiteren kovalenten Bindungen unter Bildung von Makromer-Vernetzungen, wobei 
die durch Radikaikettenpolymerisation polymerisierbaren Endgruppen voneinander durch mindestens einen 
abbaubaren Bereich getrennt sind und wobei es sich bei dem wasserloslichen Bereich nicht urn ein Kohlenhydrat, 
Polysaccharid Oder Protein handett. 

55 

2. Makromer nach Anspruch 1, wobei der wasserlosliche Bereich an einem abbaubaren Bereich, mindestens eine 
polymerisierbare Endgruppe an dem wasserloslichen Bereich und mindestens eine polymerisierbare Endgruppe 
an dem abbaubaren Bereich hangen. 
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3. Makromer nach Anspruch 1 , wobei der wasserldsliche Bereich einen zentralen Kern bildet und mindestens zwei 
abbaubare Bereiche an dem Kern und die pofymerisierbaren Endgruppen an den abbaubaren Bereichen hangen. 

4. Makromer nach Anspruch 2, wobei der abbaubare Bereich ein zentraler Kern ist und mindestens zwei wassertds- 
liche Bereiche an dem Kern und eine polymerisierbare Endgruppe an jedem wasserldslichen Bereich hangen. 

5. Makromer nach Anspruch 1, wobei der wasseridsfiche Bereich ein Makromergerust ist, der abbaubare Bereich 
eine an dem Makromergerust h&ngende Verzweigung Oder Pfropfung bildet und an den abbaubaren Bereichen 
Endgruppen hangen. 

6. Makromer nach Anspruch 1, wobei der abbaubare Bereich ein Makromergerust ist, der wasseridsfiche Bereich 
eine an dem abbaubaren GerQst hangende Verzweigung Oder Pfropfung bildet und an den wasserldslichen Ver- 
zweigungen Oder Pfropfungen polymerisierbare Endgruppe hangen. 

75 7. Makromer nach Anspruch 1 , wobei der wasseriosliche Bereich ein StemgerOst ist, der abbaubare Bereich eine an 
dem wasserldslichen SterngerQst hangende Verzweigung Oder Pfropfung bildet und an einer abbaubaren Verzwei- 
gung oder Pfopfung mindestens zwei polymerisierbare Endgruppen hangen. 

8. Makromer nach Anspruch 1 , wobei der abbaubare Bereich ein SterngerQst ist, der wasserldsliche Bereich eine an 
20 dem abbaubaren StemgerOst hangende Verzweigung oder Pfropfung bildet und an der wasserldslichen Verzwei- 
gung oder Pfropfung zwei oder mehr polymerisierbare Endgruppen hangen. 

9. Makromer nach Anspruch 1 , wobei der wasserldsliche Bereich auch den abbaubaren Bereich bildet. 

25 10. Makromer nach Anspruch 1, wobei der wasserldsliche Bereich auch den abbaubaren Bereich bildet und ein oder 
mehrere weitere(r) abbaubare(r) Bereich(e) Pfropfungen oder Verzweigungen auf dem wasserldslichen Bereich 
bildet (biiden). 

11. Makromer nach Anspruch 1, umfassend einen wasserldslichen Kernbereich, mindestens zwei abbaubare Verian- 
30 gerungen an dem Kern und eine EndQberkappung an mindestens zwei der abbaubaren Vertangerungen, wobei 

der Kern Poly(ethylenglykoi), 

jede Veriangerung eine biologisch abbaubare Poty(a-hydroxysaure) und 
jede EndQberkappung ein Acrylatoligomer oder -monomer umfassen. 

35 

12. Makromer nach Anspruch 1 1, wobei das Poly(ethylenglykol) ein Molekulargewicht zwischen etwa 400 und 30 000 
Da, die Poly(a-hydroxysaure) oligomere ein Molekulargewicht zwischen etwa 200 und 1200 Da und das Acrylato- 
ligomer oder -monomer ein Molekulargewicht zwischen etwa 50 und 200 Da aufweisen. 

40 13. Makromer nach Anspruch 12, wobei die Poly(ethylenglykol)oligomere ein Molekulargewicht von etwa 10 000 Da, 
die Poly(milchsaure)oligomere ein Molekulargewicht von etwa 250 Da und die Acrylatoligomere ein Molekularge- 
wicht von etwa 100 Da aufweisen. 

14. Makromer nach Anspruch 1, wobei die polymerisierbaren Endgruppen eine Kohlenstoff-Kohlenstoff-Doppelbin- 
45 dung mit der Fahigkeit zur Vernetzung und Polymerisation von Makromeren aufweisen. 

15. Makromer nach Anspruch 1, wobei die Vernetzung und Polymerisation des Makromers durch ein lichtempfindli- 
ches Anspringmittel fOr eine Radikalkettenpolymerisation mit oder ohne CokataJysator gestartet werden kann, 
zusatzlich umfassend ein Anspringmittel fOr eine Radikalkettenpolymerisation. 

50 

16. Makromer nach Anspruch 15, wobei das Anspringmittel aus der Gruppe Amine, Farbstoffe, Campherchinone und 
Acetophenone ausgewahlt ist 

17. Makromer nach Anspruch 16, wobei das Anspringmittel aus der Gruppe Eosinfarbstoff mit Triethanolamin, Ethy- 
55 leosinfarbstoff mit Triethanolamin, 2,2-Dimethoxy-2-pheny1acetophenon und 2-Methoxy-2-phenylacetophenon 

ausgewahlt ist 

18. Makromer nach Anspruch 1, wobei die Vernetzung Oder Polymerisation in situ durch Licht einer Wellenlange von 
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320 nm oder langer gestartet werden kann. 

19. Makromer nach Anspruch 1 oder 11, wobei der abbaubare Bereich aus der Gruppe Poty(a-hydroxysauren), 
Poly (lactone). Poly(aminosauren), Poly(an hydride), Poly(orthoester) und Poly(phosphoester) ausgewahlt ist. 

5 

20. Makromer nach Anspruch 1 9, wobei die Poly(a-hydroxysaure) aus der Gruppe Poly(glykolsaure), Poly(DL-milch- 
saure) und Poly(L-milchsaure) ausgewahlt ist. 

21 . Makromer nach Anspruch 1 9, wobei das Poly(lacton) aus der Gruppe Poly(e-caprolacton), Poly(S-valerolacton) 
w oder Poiy(X-butyrolacton) ausgewahlt ist 

22. Makromer nach Anspruch 1, wobei der wasserldsliche Bereich aus der Gruppe Poly(ethylenglykol), Poly(ethylen- 
oxid), Poly(vinylalkohol), Poly(vinylpyrrolidon), Poly(ethyloxazolin), Poly (ethylenoxid)-co-poly (propyl enoxid)-Block- 
copolymere und Kombinationen hiervon ausgewahlt ist. 

75 

23. Makromer nach Anspruch 1, ferner umfassend biologisch aktive MolekQIe, ausgewahlt aus der Gruppe Proteine, 
Kohlenhydrate, Nucleinsauren, organische MolekQIe, anorganische biologisch aktive MolekQIe, Zellen, Gewebe 
und Gewebeaggregate. 

20 24. Verwendung einer waBrigen Ldsung mit einem iichtempfindlichen Anspringmittet fQr eine Radikalkettenpolymerisa- 
tion und einem wasserldslichen, biologisch abbaubaren, polymerisierbaren Makromer nach Anspruch 1 bei der 
Zubereitung eines Medikaments zur Verwendung bei einem Verfahren zur Verminderung der Bildung von Anhaf- 
tungen nach chirurgischen MaBnahmen bei einem Patienten, wobei das Verfahren umfaBt: 

25 das Beschichten gestdrter Gewebeoberflachen eines Patienten mit der Losung und 

Einwirkenlassen von ausreichend Licht auf die beschichteten Gewebeoberflachen, um das Makromer zu poly- 
merisieren. 

25. Verwendung nach Anspruch 24, wobei das biologisch abbaubare, polymerisierbare Makromer einen Kern, minde- 
30 stens zwei Verlangerungen an dem Kern und eine EndQberkappung an mindestens zwei Verlangerungen aufweist 
und wobei der Kern aus einem hydrophilen Polymer Oder Oligomer, jede Veriangerung aus einem biologisch 
abbaubaren Oligomer oder Monomer und jede EndQberkappung aus einem Oligomer oder Monomer mit der 
Fahigkeit zur Vernetzung und Polymerisation von Makromeren bestehen. 

35 26. Verwendung nach Anspruch 24, wobei das wasserldsliche, biologisch abbaubare, polymerisierbare Makromer aus 
einem Kohlenhydrat oder Protein mit einer daran hangenden Verbindung mit Kohlenstoff-Kohlenstoff-Doppelbin- 
dung besteht. 

27. Verwendung nach Anspruch 26, wobei das wasserldsliche, biologisch abbaubare, polymerisierbare Makromer aus 
40 einer Hyaluronsaure oder einem Chondroitinsulfat Oder einem Heparansulfat oder einem Dextran jeweils mit einer 

daran hangenden Verbindung mit Kohlenstoff-Kohlenstoff-Doppelbindung besteht. 

28. Verwendung einer waBrigen Losung mit einem Iichtempfindlichen Anspringmittel fQr eine Radikaiketten polymerisa- 
tion und einem wasserldslichen, biologisch abbaubaren, polymerisierbaren Makromer nach Anspruch 1 zur Bil- 

45 dung eines Beschichtungsgemlschs bei der Zubereitung eines Medikaments zur iokalen Applikation und/oder 
gesteuerten Abgabe dar biologisch akoven Substanz an Gewebeoberflachen eines Patienten und ausreichende 
Belichtung der beschichteten Gewebeoberflachen zur Polymerisation des Makromers. 

29. Verwendung nach Anspruch 28, wobei die biologisch aktive Substanz aus einem Enzym, Antibiotikum, antineopla- 
50 stischen Mittel, Neurotransmitter, Lokalanasthetikum, Hormon, Antikorper, psychoaktiven Arzneimittel, einem ein 

Fortpflanzungsorgan beeinflussenden Arzneimittel oder einem Antisense-Oligonudeotid besteht. 

30. Verwendung eines waBrigen Gemisches eines wasserldsliche n, biologisch abbaubaren, polymerisierbaren Makro- 
mers nach Anspruch 1, eines Photoanspringmittels oder eines Gemisches aus einem Photoanspringmittel/Coka- 

55 tatysator bei der Herstellung eines Medikaments zur HerbeifQhrung einer Gewebehaftung an oder Versiegelung 
einer Gewebe oberflache bei einem Patienten durch Applikation des Gemisches auf eine Gewebeoberflache, an 
welcher eine Gewebehaftung gewQnscht wird, Kontaktieren der Gewebeoberflache mit dem Gewebe, mit dem die 
Haftung gewQnscht wird, Bildung einer Gewebeverbindung und Bestrahlen der Gewebeverbindung mit Licht. 
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31. Verwendung nach Anspruch 30. wobei das Makromer Kollagen und eine polymerisierbare Enduberkappung Oder 
Gelatine Oder eine polymerisierbare Enduberkappung umfaBt 



32. Verfahren zum Einkapseln einer biologisch aktiven Substanz zur gesteuerten Abgabe oder zum EinschluB fur die 
5 Behandlung eines Patienten, umfassend 

das Vermischen einer biologisch aktiven Substanz mit einer waGrigen L6sung, die ein lichtempfindliches 
Anspringmittel fQr eine Radikalkettenpolymerisation und ein wasseri6sliches, biologisch abbaubares, polyme- 
risierbares Makromer nach Anspruch 1 enthait und 
w ein ausreichendes Belichten der Lfisung in Form von Folien, Stabchen, KQgelchen, Mikroteilchen oder Nano- 

teilchen zur Polymerisation des Makromers. 

33. Verfahren nach Anspruch 32, wobei das wasserifisliche, biologisch abbaubare, polymerisierbare Makromer aus 
einem Kohlenhydrat oder Protein mit daran hangender Verbindung mit einer Kohlenstoff-Kohlenstoff-Doppelbin- 

15 dung besteht. 

34. Verfahren nach Anspruch 32 oder 33, wobei das Makromer einen hydrophilen Kern aus Poly(ethylenglykol) auf- 
weist. 

20 35. Verfahren nach Anspruch 34, wobei das Makromer durch zwei Oligomere einer a- Hydroxys a u re mit Acrylat- Oder 
MethacrylatendOberkappungen vertangert 1st. 

PatentansprQche fur folgenden Vertragsstaat : PT 

25 1 . Biologisch abbaubares, polymerisierbares Makromer einer Loslichkeit in einer waBrigen Lfisung von mindestens 1 
g/100 ml, umfassend mindestens einen wasserifislichen Bereich, mindestens einen unter in-vivo-Bedingungen 
hydro lysierbaren, abbaubaren Bereich und durch Radikalkettenpolymerisation polymerisierbare Endgruppen mit 
der Fahigkeit zur Bildung von weiteren kovalenten Bindungen unter Bildung von Makromer-Vernetzungen, wobei 
die durch Radikalkettenpolymerisation polymerisierbaren Endgruppen vonefnander durch mindestens einen 

30 abbaubaren Bereich getrennt sind. 

2. Makromer nach Anspruch 1, wobei der wasserifisliche Bereich an einem abbaubaren Bereich, mindestens eine 
polymerisierbare Endgruppe an dem wasserifislichen Bereich und mindestens eine polymerisierbare Endgruppe 
an dem abbaubaren Bereich hangen. 

35 

3. Makromer nach Anspruch 1 , wobei der wasserifisliche Bereich einen zentralen Kern biidet und mindestens zwei 
abbaubare Bereiche an dem Kern und die polymerisierbaren Endgruppen an den abbaubaren Bereichen hangen. 

4. Makromer nach Anspruch 2, wobei der abbaubare Bereich ein zentraler Kern ist und mindestens zwei wassertos- 
40 liche Bereiche an dem Kern und eine polymerisierbare Endgruppe an jedem wasserifislichen Bereich hangen. 

5. Makromer nach Anspruch 1 , wobei der wasserldsliche Bereich ein Makromergerust ist, der abbaubare Bereich 
eine an dem Makromergerust hangende Verzweigung oder Pfropfung biidet und an den abbaubaren Bereichen 
Endgruppen hangen. 

45 

6. Makromer nach Anspruch 1, wobei der abbaubare Bereich ein Makromergerust ist, der wasserifisliche Bereich 
eine an dem abbaubaren Gerilst hangende Verzweigung oder Propfung biidet und an den wasserifislichen Ver- 
zweigungen oder Pfropfungen polymerisierbare Endgruppen hangen. 

so 7. Makromer nach Anspruch 1 , wobei der wasserifisliche Bereich ein Sterngerust ist, der abbaubare Bereich eine an 
dem wasserifislichen Sterngerust hangende Verzweigung oder Pfropfung biidet und an einer abbaubaren Verzwei- 
gung oder Pfropfung mindestens zwei polymerisierbare Endgruppen hangen. 

8. Makromer nach Anspruch 1 , wobei der abbaubare Bereich ein Sterngerust ist, der wasserifisliche Bereich eine an 
55 dem abbaubaren Sterngerust hangende Verzweigung Oder Pfropfung biidet und an der wasserifislichen Verzwei- 
gung oder Pfropfung zwei oder mehr polymerisierbare Endgruppen hangen. 

9. Makromer nach Anspruch 1 , wobei der wasserifisliche Bereich auch den abbaubaren Bereich biidet. 
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10. Makromer nach Anspruch 1, wobei der wassertdsliche Bereich auch den abbaubaren Bereich bildet und ein oder 
mehrere weitere(r) abbaubare(r) Bereich(e) Pfropfungen Oder Verzweigungen auf dem wassertoslichen Bereich 
bildet (bilden). 

5 11. Makromer nach Anspruch 1, umfassend einen wasseridslichen Kernbereich, mindestens zwei abbaubare Verlan- 
gerungen an dem Kern und eine EndOberkappung auf mindestens zwei der abbaubaren Veriangerungen, wobei 

der Kern Poly(ethylenglykol), 

jede Veriangerung eine biologisch abbaubare Poly(a-hydroxysaure) und 
io jede EndOberkappung ein Acrylatollgomer oder -monomer umfassen. 

12. Makromer nach Anspruch 12, wobei das Poly(ethytenglykol) ein Molekuiargewicht zwischen etwa 400 und 30 000 
Da, die Poly(a-hydroxysaure)oligomere ein Molekuiargewicht zwischen etwa 200 und 1200 Da und das Acrylatoli- 
gomer oder -monomer ein Molekuiargewicht zwischen etwa 50 und 200 Da aufweisen. 

75 

13. Makromer nach Anspruch 12, wobei die Poly(ethylenglykol)oligomere ein Molekuiargewicht von etwa 10 000 Da. 
die Poly(milchsaure)oligomere ein Molekuiargewicht von etwa 250 Da und die Acrylatoligomere ein Molekuiarge- 
wicht von etwa 1 00 Da aufweisen. 

20 14. Makromer nach Anspruch 1, wobei die polymerisierbaren Endgruppen eine Kohlenstoff-Kohlenstoff-Doppelbin- 
dung mit der Fahigkeit zur Vernetzung und Polymerisation von Makromeren aufweisen. 

15. Makromer nach Anspruch 1, wobei die Vernetzung und Polymerisation des Makromers durch ein lichtempfindli- 
ches Anspringmittel fur eine Radikalketten polymerisation mit oder ohne Cokatalysator gestartet werden kann, 

25 zusatzlich umfassend ein Anspringmittel fur eine Radikalkettenpolymerisation. 

16. Makromer nach Anspruch 15, wobei das Anspringmittel aus der Gruppe Amine, Farbstoffe, Campherchinone und 
Acetophenone ausgewahlt ist. 

30 17. Makromer nach Anspruch 16, wobei das Anspringmittel aus der Gruppe Eosinfarbstoff mit Triethanolamins; Ethy- 
leosinfarbstoff mit Triethanolamin, 2,2-Dimethoxy-2-phenylacetophenon und 2-Methoxy-2-phenylacetophenon 
ausgewahlt ist 

18. Makromer nach Anspruch 1, wobei die Vernetzung oder Polymerisation in situ durch Licht einer Wellenlange von 
35 320 nm oder langer gestartet werden kann. 

19. Makromer nach Anspruch 1 Oder 11, wobei der abbaubare Bereich aus der Gruppe Poly(a-hydroxysauren), 
Poty( lactone), Poly(aminosauren), Poly(anhydride), Poly(orthoester) und Poly(phosphoester) ausgewahlt ist. 

40 20. Makromer nach Anspruch 19, wobei die Poly(a-hydroxysaure) aus der Gruppe Poly(glykolsaure), Poly(DL-milch- 
saure) und Poly(L-milchsaure) ausgewahlt ist. 

21. Makromer nach Anspruch 19, wobei das Poly(lacton) aus der Gruppe Poly(e-caprolacton), Poly(5-valerol acton) 
oder Poly(X-butyrolacton) ausgewahlt 1st 

45 

22. Makromer nach Anspruch 1, wobei der wasser16sliche Bereich aus der Gruppe Poly(ethylenglykol), Poly(ethylen- 
oxid), Poly(vinylalkohol), Poly(vinylpyrrolidon), Poly(ethyloxazolin), Poly(ethylenoxid)-co-poly(propylenoxid)-Block- 
copolymere und Kombinationen hiervon ausgewahlt ist. 

so 23. Makromer nach Anspruch 1, ferner umfassend biologisch aktive MolekOle, ausgewahlt aus der Gruppe Proteine, 
Kohlenhydrate, Nueleinsauren, organische MolekQIe, anorganische biologisch aktive Molekule, Zellen, Gewebe 
und Gewebeaggregate. 

24. Verwendung einer waBrigen Ldsung mit einem lichtempfindlichen Anspringmittel fOr eine Radikalkettenpolymerisa- 
55 tion und einem wasseridslichen, biologisch abbaubaren, polymerisierbaren Makromer nach Anspruch 1 bei der 
Zubereitung eines Medikaments zur Verwendung bei einem Verfahren zur Verminderung der Bildung von Anhaf- 
tungen nach chirurgischen MaBnahmen bei einem Patienten, wobei das Verfahren umfaBt: die Beschichtung 
gestdrter Gewebeoberflachen bei einem Patienten mit der Losung und Einwirkenlassen von ausreichend viel Licht 
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auf die beschichteten Gewebeoberflachen, um das Makromer zu polymerisieren. 

25. Verwendung nach Anspruch 24, wobei das biologisch abbaubare, potymerisierbare Makromer einen Kern, minde- 
stens zwei Veriangerungen an dem Kern und eine EndOberkappung an mindestens zwei Veriangerungen aufweist 
und der Kern aus einem hydrophilen Polymer Oder Oligomer, Jede Veriangerung aus einem biologisch abbaubaren 
Oligomer Oder Monomer und jede EndOberkappung aus einem Oligomer oder Monomer mit der Fahigkeit zur Ver- 
netzung und Polymerisation von Makromeren bestehen. 

26. Verwendung nach Anspruch 24, wobei das wasseri8sliche, biologisch abbaubare, polymerisierbare Makromer aus 
einem Kohlenhydrat oder Protein mit einer daran hangenden Verbindung mit Kohlenstoff-Kohlenstoff-Doppelbin- 
dung besteht. 

27. Verwendung nach Anspruch 26, wobei das wassertdsliche, biologisch abbaubare, potymerisierbare Makromer aus 
einer Hyaluronsaure oder einem Chondroitinsuffat oder einem Heparansulfat Oder einem Dextran jeweils mit einer 
daran hangenden Verbindung mit Kohlenstoff-Kohlenstoff-Doppelbindung besteht. 

28. Verwendung einer waGrigen Ldsung mit einem Hchtempfind lichen Anspringmrttel f Or eine Radikalkettenpoiymerisa- 
tion und einem wasserldslichen, biologisch abbaubaren, potymerisierbare n Makromer nach Anspruch 1 zur Bit- 
dung eines Beschichtungsgemischs bei der Zuberettung eines Medikaments zur lokalen Applikatlon und/oder 
gesteuerten Abgabe der biologisch aktiven Substanz an Gewebeoberflachen eines Patienten und ausreichende 
Belichtung der beschichteten Gewebeoberflachen zur Polymerisation des Makromers. 

29. Verwendung nach Anspruch 28, wobei die biologisch aktive Substanz aus einem Enzym, Antibiotikum, antineopla- 
stischen Mittel, Neurotransmitter, Lokalanasthetikum, Hormon, Antikftrper, psychoaktiven Arzneimittel, einem ein 
Fortpflanzungsorgan beeinflussenden Arzneimittel oder einem Antisense-Oligonucleotid besteht 

30. Verwendung eines waGrigen Gemisches eines wassertdslichen, biologisch abbaubaren, polymerisierbaren Makro- 
mers nach Anspruch 1 , eines Photoanspringmittels oder eines Gemischs aus einem Photoanspringmittel/Cokata- 
lysator bei der Hersteliung eines Medikaments zur HerbeifQhrung einer Gewebehaftung an oder Versiegelung 
einer Gewebeoberflache bei einem Patienten durch Applikation des Gemischs auf eine Gewebeoberflache, an wel- 
cher eine Gewebehaftung gewQnscht wird, Kontaktieren der Gewebeoberflache mit dem Gewebe, mit dem die Haf- 
tung gewQnscht wird, Bildung einer Gewebeverbindung und Bestrahien der Gewebeverbindung mit Licht. 

31. Verwendung nach Anspruch 30, wobei das Makromer Kollagen und eine polymerisierbare EndOberkappung oder 
Gelatine oder eine polymerisierbare EndOberkappung umfaGt. 

32. Verfahren zum Einkapseln einer biologisch aktiven Substanz zur gesteuerten Abgabe oder zum EinschluG fur die 
Behandlung eines Patienten, umfassend 

das Vermischen einer biologisch aktiven Substanz mit einer waGrigen Losung, die ein lichtempfindliches 
Anspringmittel fQr eine Radikaiketten polymerisation und ein wasserfosliches, biologisch abbaubares, polyme- 
risierbares Makromer nach Anspruch 1 enthalt, und 

eine ausreichende Belichtung der Losung in Form von Folien, Stabchen, KOgelchen, Mikroteilchen oder Nano- 
tellchen zur Polymerisation des Makromers. 

33. Verfahren nach Anspruch 32, wobei das wassertdsliche, biologisch abbaubare, polymerisierbare Makromer aus 
einem Kohlenhydrat oder Protein mit daran hangender Verbindung mit einer Kohlenstoff -Kohl enstoff-Doppe I bin- 
dung besteht. 

34. Verfahren nach Anspruch 32 Oder 33, wobei das Makromer einen hydrophilen Kern aus Poly(ethylenglykol) auf- 
weist 

35. Verfahren nach Anspruch 34, wobei das Makromer durch zwei Oligomere einer a-Hydroxysaure mit Acrylat- oder 
MethacrylatendOberkappungen veriangert ist 
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Revendlcatlons 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LI, LU, MC, 
NL, SE 

5 

1. Macromere biodegradable, polymerisable ayant une solubilite d'au moins 1 g/100 ml dans une solution aqueuse 
comprenant au moins une region soluble dans I'eau, au moins une region degradable qui peut etre hydrolysee 
dans des conditions in vivo, et des groupes terminaux polymerisables a radicaux Itbres capables de former des 
liaisons cavalentes supplementaires pour cr6er des liaisons entre des macromeres, dans lequel les groupes termi- 

w naux polymerisables sont separes les uns des autres par au moins une region degradable et dans lequel la region 
soluble dans I'eau n'est pas un glucide, un polysaccharide ou une proteine. 

2. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau est Nee a une region degradable, au 
moins un groups terminal polymerisable est lie a la region soluble dans I'eau, et au moins un groupe terminal poly- 

15 merisable est lie a la region degradable. 

3. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau forme un noyau central, au moins 
deux regions degradabies sont liees au noyau, et les groupes terminaux polymerisables sont lies aux regions 
degradables. 

20 

4. Macromere selon la revendication 2, dans lequel la region degradable est un noyau central, au moins deux regions 
solubles dans I'eau sont liees au noyau, et un groupe terminal polymerisable est lie a chaque region soluble dans 
I'eau. 

25 5. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau est un squelette de macromere, la 
region degradable est une ramification ou une greffe liee au squelette de macromere, et les groupes terminaux 
sont lies aux regions degradables. 

6. Macromere selon la revendication 1 , dans lequel la region degradable est un squelette de macromere, la region 
30 soluble dans I'eau est une ramification ou une greffe liee au squelette degradable, et les groupes terminaux poly- 
merisables sont lies aux ramifications ou aux greffes solubles dans i'eau. 

7. Macromere selon la revendication 1, dans lequel la region soluble dans i'eau est un squelette en etoile, la region 
degradable est une ramification ou une greffe liee au squelette en etoile soluble dans I'eau, et au moins deux grou- 

35 pes terminaux polymerisables sont Ii6s a une ramification ou une greffe degradable. 

8. Macromere selon la revendication 1, dans lequel la region degradable est un squelette en etoile, la region soluble 
dans I'eau est une ramification ou une greffe liee au squelette en etoile degradable, et deux groupes terminaux 
polymerisables ou plus sont lies a la ramification ou la greffe soluble dans I'eau. 

40 

9. Macromere selon la revendication 1, dans lequel la region soluble dans I'eau est egalement la region degradable. 

10. Macromere selon la revendication 1, dans lequel la region soluble dans I'eau est egalement la region degradable, 
une ou plusieurs autres regions degradables sont des greffes ou des ramifications sur la region soluble dans I'eau. 

45 

11. Macromere selon la revendication 1 comprenant une region de noyau soluble dans I'eau, au moins deux exten- 
sions degradables sur le noyau, et une coiffe terminale sur au moins deux des extensions degradables, dans lequel 

le noyau comprend un poly(6thyl6ne glycol) ; 
so chaque extension comprend un poly(a-hydroxyacide) biodegradable ; et 

chaque coiffe terminale comprend un oligom6re ou un monom6re d'acrylate. 

12. Macromere selon la revendication 11, dans lequel le po!y(6thyl6ne glycol) a une masse moteculaire entre environ 
400 et 30 000 Da ; 

55 

les oligomeres poly(cc-hydroxyacide) ont une masse moieculaire entre environ 200 et 1200 Da ; et 
I'oligomere ou le monomere d'acrylate a une masse moieculaire entre environ 50 et 200 Da. 
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13. Macromere seton la revend'tcation 12. dans lequel les oligomeres de polyethylene glycol) ont une masse molecu- 
laire cfenviron 10 000 Da ; les oligomeres d'acides poly(lactiques) ont une masse moleculaire d'environ 250 Da ; 
et les oligomeres d'acrylate ont une masse moleculaire d'environ 100 Da. 

5 14. Macromere selon la revend'tcation 1, dans lequel les groupes terminaux polymerisables contiennent une double 
liaison carbone-carbone capable de reticuler et de polymeriser des macromeres. 

15. Macromere selon la revendication 1, dans lequel la reticulation et la polymerisation du macromere peuvent etre 
amorcees par un amorceur de polymerisation a radicaux Ubres photosensible, avec ou sans cocatatyseur, compre- 

w nant en outre un amorceur de polymerisation a radicaux libres. 

16. Macromere selon la revendication 15, dans lequel I'amorceur est choisi dans le groupe compose par les amines, 
les colorants, les quinones camphrees et les acetophe nones. 

is 17. Macromere selon la revendication 16, dans lequel I'amorceur est choisi dans le groupe compose par un colorant 
d'eosine avec une trtethanolamine, un colorant d'ethyleosine avec une triethanolamine, une 2,2-dim6thoxy-2-phe- 
nylacetophenone, et une 2-methoxy-2-phenylacetophenone. 

18. Macromere selon la revendication 1, dans lequel la reticulation ou la polymerisation peut etre amorcee in situ par 
20 une lumiere ayant une longueur d'onde de 320 nm ou plus longue. 

19. Macromere selon 1a revendication 1 ou 1 1, dans lequel la region degradable estchoisie dans le groupe compose 
par les poly(ot-hydroxyacide), les poly(lactones), les pofyacides amines, les poly(anhydrides), les poly(orthoesters), 
et les poly(phosphoesters). 

25 

20. Macromere selon la revendication 19, dans lequel le poly(a-hydroxyactde) est choisi dans le groupe compose par 
I'acide poly(glycolique), I'acide poly(DL-lactique) et I'acide poly(L-lactique). 

21. Macromere selon la revendication 19, dans lequel la poly(lactone) est choisis dans le groupe compose par la 
30 poly(e-caprolactone), la poly(8-valerolactone) ou la poly (X-butyro lactone). 

22. Macromere selon la revendication 1 , dans tequel la region soluble dans i'eau est choisie dans le groupe compose 
par le polyethylene glycol), le polyethylene oxyde), le polyvinyl alcool), la poly(vinylpyrrolidone), la poty(ethyloxa- 
zoline), les copoiymeres sequences de poly(ethylene oxyde) -cop ofy( propylene oxyde), et des combinaisons de 

35 ceux-ci. 

23. Macromere selon la revendication 1 comprenant, en outre, des molecules biologiquement actives choisies dans le 
groupe compose par les proteines, les glucides, les acides nucleiques, les molecules organiques, les molecules 
inorganiques biologiquement actives, les cellules, les tissus et les agregats de tissus. 

40 

24. Utilisation d'une solution aqueuse comprenant un amorceur de polymerisation a radicaux libres photosensible et 
un macromere soluble dans I'eau, biodegradable, polymerisable selon la revendication 1. pour preparer un medi- 
cament utilisable dans un precede destine a redulre la formation d'adherences apres une intervention chirurgicale 
chez un patient, le precede consistent a : 

45 

enduire les surfaces des tissus perturbes chez un patient avec la solution ; et 

exposer les surfaces des tissus enduits a une lumiere suffisante pour polymeriser ledit macromere. 

25. Utilisation selon la revendication 24, dans laquelle le macromere biodegradable, polymerisable comprend un 
so noyau, au moins deux extensions sur le noyau, et une coiffe terminale sur au moins deux extensions ; dans laquelle 

le noyau est un potymere ou un oligomere hydrophile ; chaque extension est un oligomere ou un monomere bio- 
degradable ; et chaque coiffe terminale est un oligomere ou un monomere capable de reticuler et de polymeriser 
des macromeres. 

55 26. Utilisation selon la revendication 24, dans laquelle le macromere soluble dans I'eau, biodegradable, polymerisable 
est un glucide ou une proteine comprenant un compose lie ayant une double liaison carbone-carbone. 

27. Utilisation selon la revendication 26, dans laquelle le macromere soluble dans I'eau, biodegradable, polymerisable 
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est un acide hyaluronique ou un sulfate de chondroitine ou un he pa ran'e -sulfate ou un dextrane comprenant, dans 
chaque cas, un compose lie ayant une double liaison carbone-carbone. 

28. Utilisation cf une solution aqueuse comprenant un amonceur de polymerisation a radicaux libres photosensible et 
5 un macromere soluble dans I'eau, biodegradable, polymerisable tel que revendique dans la revendication 1 pour 

former un melange de revgtement dans la preparation cf un medicament afin d'appliquer local em ent et/ou de liberer 
de maniere contrdlee la substance biologiquement active sur les surfaces de tissus cf un patient et cf exposer les 
surfaces des tissus enduits a une lumiere suffisante pour polymeriser (edit macromere. 

10 29. Utilisation selon la revendication 28, dans laquelle la substance biologiquement active est une enzyme, un antibio- 
tique, un antineoplasique, un neurotransmetteur, un anesthesique local, une hormone, un anticorps, un medica- 
ment psycho-actuf, un medicament affectant un organe de reproduction ou un oligonucleotide antisens. 

30. Utilisation d'un melange aqueux d'un macroniere soluble dans I'eau, biodegradable, polymerisable tel que revendi- 
15 que dans la revendication 1 , d'un amorceur photochimique ou d'un melange amorceur photochimique/cocatalysaur 

dans la preparation d'un medicament destine a induire une adherence tissulaire, ou a sceller une surface de tissu 
chez un patient on appliquant le melange sur la surface d'un tissu sur lequel une adherence tissulaire est souhai- 
tee, en mettant en contact la surface du tissu avec le tissu avec lequel I'adherence est souhaitee, an formant une 
jonction tissulaire, et en irradiant la jonction tissulaire avec une lumiere. 

20 

31. Utilisation selon la revendication 30, dans laquelle le macromere comprend un collagene et une coiffe terminate 
polymerisable ou une gelatine et une coiffe terminate polymerisable. 

32. Precede ^encapsulation d'une substance biologiquement active pour la liberation contrdlee ou le confinement 
25 pour le traitement d'un patient, le precede consistant a 

meianger une substance biologiquement active avec une solution aqueuse comprenant un amorceur de poly- 
merisation a radicaux libres photosensible et un macromere soluble dans I'eau, biodegradable, polymerisable 
tel que revendique dans la revendication 1 ; et 
30 exposer ladite solution sous forme de feuilles, de batonnets, de spheres, de microparticules, ou de nanoparti- 

cules a une lumiere suffisante pour polymeriser ledit macromere. 

33. Precede selon la revendication 32, dans lequel le macromere soluble dans I'eau, biodegradable, polymerisable est 
un glucide ou une proteine comprenant un compose lie ayant une double liaison carbon e-carbone. 

35 

34. Precede selon les revendications 32 ou 33, dans lequel le macromere a un noyau hydrophile de poly(6thyl6ne gly- 
col). 

35. Precede selon la revendication 34, dans lequel le macromere est prolonge par deux oligomeres d'un acide alpha- 
40 hydroxy qui ont des coiffes terminates acrylate ou methacrylate. 

Revendications pour I'Etat contractant sulvant : PT 

1. Macromere biodegradable, polymerisable ayant une solubility d'au moins 1 g/100 ml dans une solution aqueuse 
45 comprenant au moins une region soluble dans I'eau, au moins une region degradable qui peut etre hydrolysee 
dans des conditions in vivo, et des groupes terminaux polymerisables a radicaux libres capables de former des 
liaisons covalentes supptementaires pour creer des liaisons entre des macromeres, dans lequel les groupes termi- 
naux polymerisables sont separes les uns des autres par au moins une region degradable. 

so 2. Macromere selon la revendication 1, dans lequel la region soluble dans i'eau est nee a une region degradable, au 
moins un groupe terminal polymerisable est lie a la region soluble dans I'eau, et au moins un groupe terminal poly- 
merisable est lie a la region degradable. 

3. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau forme un noyau central, au moins 
55 deux regions degradables sont liees au noyau, et les groupes terminaux polymerisables sont lies aux regions 

degradables. 

4. Macromere selon la revendication 2, dans lequel la region degradable est un noyau central, au moins deux regions 
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solubles dans I'eau sont liees au noyau, et un groupe terminal polymerisable est lie a chaque region soluble dans 
I'eau. 

5. Macromere selon la revendication 1, dans lequel la region soluble dans I'eau est un squelette de macromere, la 
5 region degradable est une ramification ou une greffe liee au squelette de macromere, et les groupes terminaux 

sont lies aux regions degradabies. 

6. Macromere selon la revendication 1, dans lequel la region degradable est un squelette de macromere, la region 
soluble dans I'eau est une ramification ou une greffe liee au squelette degradable, et les groupes terminaux poly- 

w merisables sont lies aux ramifications ou aux greffes solubles dans I'eau. 

7. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau est un squelette en etoile, la region 
degradable est une ramification ou une greffe liee au squelette en etoile soluble dans i'eau, et au moins deux grou- 
pes terminaux polymerisables sont lies a une ramification ou une greffe degradable. 

15 

8. Macromere selon la revendication 1, dans lequel fa region degradable est un squelette en etoile, la region soluble 
dans i'eau est une ramification ou une greffe liee au squelette en etoile degradable, et deux groupes terminaux 
polymerisables ou plus sont lies a la ramification ou la greffe soluble dans i'eau. 

20 9. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau est egalement la region degradable. 

10. Macromere selon la revendication 1, dans lequel la region soluble dans I'eau est egalement la region degradable, 
une ou plusieurs autres regions degradabies sont des greffes ou des ramifications sur la region soluble dans I'eau. 

25 11. Macromere selon la revendication 1 comprenant une region de noyau soluble dans I'eau, au moins deux exten- 
sions degradabies sur le noyau, et une coiffe terminale surau moins deux des extensions degradabies, dans lequel 

le noyau comprend un poly(ethyiene glycol) ; 

chaque extension comprend un poly(a-hydroxyacide) biodegradable ; et 
30 chaque coiffe terminale comprend un oligomere ou un monomere d'acrylate. 

12. Macromere selon ia revendication 11, dans lequel le polyethylene glycol) a une masse moleculaire entre environ 
400 et 30 000 Da ; 

35 les oligomeres poly(a-hydroxyacide) ont une masse moleculaire entre environ 200 et 1200 Da ; et 

I'oligomere ou le monomere d'acrylate a une masse moleculaire entre environ 50 et 200 Da. 

13. Macromere selon la revendication 12, dans lequel les oligomeres de poly(ethylene glycol) ont une masse molecu- 
laire d'environ 10 000 Da ; les oligomeres d'acides poly(lactiques) ont une masse moleculaire d'environ 250 Da ; 

ao et les oligomeres d'acrylate ont une masse moleculaire d'environ 1 00 Da. 

14. Macromere selon la revendication 1, dans lequel les groupes terminaux polymerisables contiennent une double 
liaison carbone-carbone capable de reticuler et de polymeriser des macromeres. 

45 15. Macromere selon la revendication 1, dans lequel la reticulation et la polymerisation du macromere peuvent etre 
amorcees par un amorceur de polymerisation a radicaux libres photosensible, avec ou sans cocatalyseur, compre- 
nant en outre un amorceur de polymerisation a radicaux libres. 

16. Macromere selon la revendication 15, dans lequel I'amorceur est choisi dans le groupe compose par les amines, 
so les colorants, les quinones camphrees et les acetophenones. 

17. Macromere selon la revendication 16, dans lequel I'amorceur est choisi dans le groupe compose par un colorant 
d'eosine avec une triethanolamine, un colorant d'ethyleosine avec une triethanolamine, une 2,2-dimethoxy-2-phe- 
nylacetophenone et une 2-methoxy-2-phenylacetophenone. 



55 



18. Macromere selon la revendication 1 , dans lequel la reticulation ou la polymerisation peut etre amorcee in situ par 
une lumiere ayant une longueur d'onde de 320 nm ou plus. 
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19. Macromere selon la revendication 1 ou 11, dans lequel la region degradable est choisie dans le groupe compose 
par les pofy(a-hydroxyacide), les poly(lactones), les polyacides amines, les poly (an hydrides), les poly(orthoesters) 
et les poly (phosphoesters). 

5 20. Macromere selon la revendication 19, dans lequel le poly(a-hydroxyacide) est choisi dans le groupe compose 1 par 
Tacide poly(glycolique), I'acide poly(DL-lactique), et I'acide poly(L-lactique). 

21. Macromere selon la revendication 19, dans lequel la poly(lactone) est choisie dans le groupe compost par la 
poly(e-caprolactone), la poly(5-valerolactone) ou la poly (X-butyro lactone). 

w 

22. Macromere selon la revendication 1 , dans lequel la region soluble dans I'eau est choisie dans le groupe compost 
par le polyethylene glycol), le polyethylene oxyde), le poly (vinyl alcool), la poly(vinylpyrrolidone), la pofy(6thyloxa- 
zoline), les copolymeres sequences de poly(6thylene oxyde)-copoly(propylene oxyde), et des combinaisons de 
ceux-ci. 

15 

23. Macromere selon la revendication 1 comprenant, en outre, des molecules biologiquement actives choisies dans le 
groupe compost par les prolines, les glucides, les acides nucleiques, les molecules organiques, les molecules 
inorganiques biologiquement actives, les cellules, les tissus et les agregats de tissus. 

20 24. Utilisation cfune solution aqueuse comprenant un amorceur de polymerisation a radicaux libres photosensible et 
un macromere soluble dans I'eau, biodegradable, polymerisable selon la revendication 1 pour preparer un medica- 
ment utilisable dans un proc6d6 destine a reduire la formation d'adh£rences apres une intervention chirurgicale 
chez un patient, le proc6d6 consistant a : 

25 enduire les surfaces des tissus perturbed chez un patient avec la solution ; et 

exposer les surfaces des tissus enduits a une lumiere suffisante pour polymeriser ledit macromere. 

25. Utilisation selon la revendication 24, dans laquelie le macromere biodegradable, polymerisable comprend un 
noyau, au moins deux extensions sur le noyau, et une coiffe terminal e sur au moins deux extensions ; dans laquelie 

30 le noyau est un polymere ou un oligomere hydrophile ; chaque extension est un oligomere ou un monomere bio- 
degradable ; et chaque coiffe terminate est un oligomere ou un monomere capable de reticuler et de polymeriser 
des macromeres. 

26. Utilisation selon la revendication 24, dans laquelie le macromere soluble dans i'eau, biodegradable, polymerisable 
35 est un glucide ou une proteine comprenant un compose He ayant une double liaison carbone-carbone. 

27. Utilisation selon la revendication 26, dans laquelie le macromere soluble dans I'eau, biodegradable, polymerisable 
est un acide hyaluronique ou un sulfate de chondroitine ou un h6parane-sulfate ou un dextrane comprenant, dans 
chaque cas, un compose lie ayant une double liaison carbone-carbone. 

40 

28. Utilisation tfune solution aqueuse comprenant un amorceur de polymerisation a radicaux libres photosensible et 
un macromere soluble dans I'eau, biodegradable, polymerisable tel que revendique dans la revendication 1 pour 
former un melange de revetement dans la preparation d'un medicament afin d'appiiquer localement et/ou de Iib6rer 
de maniere contrfiiee la substance biologiquement active sur les surfaces de tissus d'un patient et d'exposer les 

45 surfaces des tissus enduits a une lumiere suffisante pour polymeriser ledit macromere. 

29. Utilisation selon la revendication 28, dans laquelie la substance biologiquement active est une enzyme, un antibio- 
tique, un antineoplasique, un neurotransmetteur, un anesthesique local, une hormone, un anticorps, un medica- 
ment psycho-actif, un medicament affectant un organe de reproduction ou un oligonucleotide antisens. 

so 

30. Utilisation d'un melange aqueux d'un macromere soluble dans I'eau, biodegradable, polymerisable tel que reven- 
dique dans la revendication 1, d'un amorceur photochtmique ou d'un melange amorceur photochimique/cocataly- 
seur dans la preparation d'un medicament destine a induire une adherence tissulaire, ou a sceller une surface de 
tissu chez un patient en appliquant le melange sur la surface d'un tissu sur lequel une adherence tissulaire est sou- 

55 haitee, an mettant en contact la surface du tissu avec le tissu avec lequel I'adh6rence est souhaitee, en formant 
une jonction tissulaire, et en irradiant la jonction tissulaire avec une lumiere. 

31. Utilisation selon la revendication 30, dans laquelie le macromere comprend un collagene et une coiffe terminate 
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polymerisable ou une gelatine et une coiffe terminate polymerisable. 

32. Procede ^encapsulation d'une substance biologiquement active pour la liberation contrdlee ou le confinement 
pour le traitement d'un patient, le procede consistant a 

5 

melanger une substance biologiquement active avec une solution aqueuse comprenant un amorceur de poly- 
merisation a radicaux libres photosensible et un macromere soluble dans I'eau, biodegradable, polymerisable 
tel que revendique dans la revendication 1 ; et 

exposer ladite solution sous forme de feuilles, de batonnets, de spheres, de microparticules, ou de nanoparti- 
io cules a une lumiere suffisante pour polymeriser ted'rt macromere. 

33. Procede selon la revendication 32, dans lequel le macromere soluble dans I'eau. biodegradable, polymgrisable est 
un glucide ou une proline comprenant un compose lie ayant une double liaison carbone-carbone. 

15 34. Procede selon les revendications 32 ou 33, dans lequel le macromere a un noyau hydrophile de poly(ethylene gly- 
col). 

35. Proc6d6 selon la revendication 34, dans lequel le macromere est prolong6 par deux oligomeres d'un acide alpha- 
hydroxy qui ont des coiffes terminates acrylate ou methacrylate. 

20 
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